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HKTEB.0DIHER1C RECEPTOR LIBRARIES USING PEEGEMIDS 



The present invention relates to cloning vectors 
and methods for producing a library of DNa molecules 
capable of expressing a fusion polypeptide on the 
surface, of a filamentous phage particle. 

Background 

Filamentous bacteriophages are a group of related 
viruses that infect bacteria. They are termed 
filamentous because they are long and thin particles 
comprised of an elongated capsule that envelopes the 
deoxyribonucleic acid (PKA) that forms the 
bacteriophage genojse. The F pi li filamentous 
bacteriophage (Ff phage) infect only gram-negative 
bacteria by specifically adsorbing to the tip of F 
pill, and include £d f fl and MX3, 

the mature capsule of Ff phage is comprised of a 
goat of five phage-eneoded gene products; cpVXXX:, the 
major coat protein product of gene VXXI that forms the 
bulk of t:he capsule? and four minor coat proteins t 
cpXXX and opJP at one end of the capsule and epPTX and 
cpIX at the other end of the capsule. The. length of 
the capsule is formed by 2500 to 3000 copies of cpVXIX 
in an ordered helix array that forms the 
characteristic filament structure* About five copies 
each of the minor coat proteins are present at the 
ends of the capsule, The gene XXX-encodad protein 
(eplXX) is typically present in 4 to 6 copies at one 
end of the capsule and serves as the receptor for 
binding of the phage to its bacterial host in the 
initial phase of infection. For detailed reviews of 
Ff phage structure,, see Rasched et al . , Microbiol . 
IlL. SOi 401-42? (19SS) ; and Model et six , in >! The 
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Bacteriophages., Volume 2«, ». Calendar, Bd,, Plenum 
Press, pp. 375-456 C1?S*>-* 

The assembly of a Ft phage particle involves 
bighlY complex mechanics, m phage particles are 
assembled virhin a host: cell? rather, the? are 
assembled during extrusion of the viral genome through 
the host cell's »emfcr*pe. Prior to extrusion, the 
major coat protein cpVIIX and the minor coat protein 
cpXXX are synthesized and transported to the host 

10 cell's membrane. Both cpVXTX and cpXXX are anchored 

in the host cell membrane prior to their incorporation 
into the mature particle. In addition, the viral 
genome is produced and coated with cpV protein. 
During the extrusion process,, cp¥-coated genomic SNA 

15 is stripped of the cpV coat and simultaneously re- 
coated with tha mature coat proteins. The assembly 
mechanisms that control transf errai of these proteins 
from the membrane to the particle is not presently 

20 Both cpXXX and cpVXXX proteins include two 

domains that; provide signals for assembly of the 
mature phage particle. The first domain is a 
secretion signal that directs the newly synthesized 
protein to the host cell membrane. The secretion 

25 signal is located at the amino terminus of the 

polypeptide and targets the polypeptide at least to 
the call membrane. The second domain is a membrane 
anchor domain that provides signals for association 
with the host cell membrane and for association with 

30 * the phage particle during assembly. This second signal, 
for both epVXXX and cpXIX comprises at least a 
hydrophobic region for spanning the stsbrane, 

cpViXX has been extensively studied as a model 
membrane protein because it can integrate into lipid 

35 biiayers such as the cell membrane in an asymmetric 



%mnmm 



orientation with the acidic amino tcrainus toward the 
outside and the basic carboxy terminus toward the 
inside of the assabrane. The mature protein is about. 
50 amino acid x-esidties in length of which li residues 
5 provide the carboxy terminus, IS residues provide the 

hydrophobic transmembrane region,., and the remaining 
residues comprise the amino terminus. Considerable 
research has been done on the secretion signal region 
of epVXIT to advance the study of membrane protein 

1.0 synthesis and targeting to membranes* However, littie 
is known about the changes that are tolerated in the 
structure of the cpVIXX membrane anchor region that 
would allow for assembly of phage particles, 

Manipulation of the. sequence of cplll shows that 

15 the c-terminal 23 amino acid residue stretch of 

hydrophobic amino acids normally responsible for a 
membrane anchor function can be altered in a variety 
of ways and retain the capacity to associate with 
membranes. However, those anchor-modified cplll 

20 proteins lost their ability to genetically complement 
gene 111 mutants indicating that the requirements of a 
membrane anchor for functional assembly have not been 
elucidated, 

Ff phage-hassd expression vectors .have been 
25 described in which the entire cplll amino acid residue 
sequence was modified by insertion of short 
polypeptide "epitopes'* [Psrmely et al» , Gene, 73; 303- 
318 (1983); and Cwirla et al. , Proc,,,,,,^atl, J ,,,, Mad .....Sci 
USA, 8?s63?S~S3S2 (1990},] or an amino acid residue 
30 sequence defining a single chain antibody domain, 

x x - ?~c:^r<? 4 (i\oo). 1hv.su: 

hybrid proteins were synthesized and assembled onto 
phage particles in amounts of about 5 copies per 
particie, a density at which normal cpXXI is usually 
35 found. However, these expressed fusion proteins 



include the entire cpXXX w»iMO acid residue sequence 
and do not suggest fusion proteins that utilize only 
the oarboxy terminal membrane anchor domain of epXTl, 
in addition, a© agression system has been 
s described in which a phage cost protein has been 

engineered to allow assembly of a heterodimerie 
molecule that is function*!, and capable of 
incorporation into the coat of a phage particle, 

10 Brief svm&%r ~*...M....m ^ 2mm%ism 

h new surface- integration technology has been 
discovered for expressing a heterodimerie recombinant 
gene product on the surface of a filamentous phage: 
containing the recombinant gene. The invention uses a 

15 filamentous phage coat protein membrane anchor domain 
as a means f or linking gene-product and gene during 
the assembly stage of filamentous phage replication. 

That is, during filamentous phage replication, 
coat proteins assemble into a matrix which 

2D encapsulates tha phage genome. It has now been 

discovered that (1) phage assembly is not disrupted 
when recombinant filamentous phage coat proteins are 
present, {2} recombinant filamentous phage coat 
proteins can be integrated into the assembling matrix., 

25 and (3) integration into the matrix can be directed to 
occur in a surface-accessible orientation. 

The present invention can foe advantageously 
applied to the production of heterodimerie receptors 
of predetermined specificity, i.e. , it can be used to 

30 * produce antibodies, T-ceil receptors and the like that 
bind a preselected iigand. 

Thus, the present invention provides for linking 
tha functions of heterodimeric receptor recognition 
and filamentous phage replication in a method for 

35 isolating a heterodimeric receptor and the gene that 
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encodes receptor. The method produces a f ilamantous 
phage, comprised : ©£ a. matrix of gene VI 1 1 -encoded 
proteins that encapsulate a recombinant genome. The 
recombinant genome contains genes encoding the 
$ heterodimer ic receptor polypeptides. The 

h«terodi»eric receptor is surface-integrated into the 
encapsulating matrix via a filamentous phage coat 
protein * s membrane anchor domain that in fussed by a 
peptide bond during translation to one of the 
18 heterodimaric receptor polypeptides. The 

heterodimeric receptor polypeptides and the genes 
which encode the polypeptides are physically linked 
during the assembly stage of the phage replication 
cycle. Specifically binding the receptor-coated phage 
15 to a solid-support advantageously provides a »aw for 
isolating a recombinant genome that encodes a desired 
heterodimeric receptor from a diverse library of 
recombinant genomes » 

Xn one embodiment, the present invention 
20 contemplates an antibody molecule comprising heavy- 

and light-chain polypeptides, said heavy-chain 
polypeptide comprising a f^-domain flanked by an 
amino-tarminai prokaryotie secretion signal domain and 
a carboxy-terminai filamentous phage membrane anchor 
25 domain, said light chain polypeptide comprising a V\- 

domain fused to an amino-terminai prokaryotie 
secretion signal domain. 

Xn another embodiment, the present invention 
contemplates a vector for expressing a fusion 
30 : "i, sard \ec~sr cenprasoro xjrooseae and 

downstream translatable DK'l sequences operatively 
linked via a seguenoe of nucleotides adopted for 
directional ligation of an insert DNA f said upstream 
sequence encoding a prekaryotie secretion signal , said 
35 downstream sequence encoding a filamentous phage 
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anchor, said translatable f®k stances 
operatively linked to a set of WOk egression signals 
for expression of said translatable. DKA sequences as 
portions of said fusion polypeptide* 

S 

In the drawings forming a portion of this 
disclosures 

Figure 1 illustrates a schematic diagram of the 

1.0 immunoglobulin molecule showing the. principal 

structural features. The circled area on the hmwy 
chain represents the variable region {%} , a . 
polypeptide, containing a biologically active (ligand 
binding} portion of that region, and a gene coding for 

15 that polypeptide, are produced by the methods of the 
present invention. 

Figure 2A is a diagrammatic sketch of a heavy (H) 
chain of human XgG (igGl subclass) . Numbering is frosts 
the H-terminus on the left to the c~terminus on the 

20 right. Note the presence of four domains, each 

containing an intrachain e/issulf ide bond (SrS) spanning 
approximately SO amino acid residues. The symbol CHO 
stands for carbohydrate, The V region of the heavy 
(H) chain (V B ) resembles \ in having three 

25 hypervariable CO® &Qt: shown} , 

Figure IB is a diagrammatic sketch of a human 
light (Kappa} chain (Panel 1) , Numbering is from the 
H-terminus on the left to the C-terminns on the right. 
Not* the intrachain disulfide bond (S~S) spanning 

SO about the same number of amino acid residues in the \ 
and c t domains, panel 2 shows the locations of the 
complementarity-determining regions ( CDF.) in the V, 
domain. Segments outside the CDR are the framework 
segments (PR) . 

35 Figure 3 illustrates the sequence of the double- 
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stranded syntbe&is m& inserted into Lambda Sap to 
produce a Lambda Kc2 expression vector* The 
preparation of the double-stranded synthetic DNA 
insert is described in Example la(ii) . The various 
s features required for this vector to express the V. r 
coding DNA hoxaologs include the Shine-Dalgarno 
ribosojse binding site, a leader sequence to direct the 
expressed protein to the periplasm as described by 
Mouva at &L, J. Biol, Ghana., 255:27, lfm f and 

iO various restriction enzym& sites used to cperativaly 
link the v 8 hoisologs to the expression vector. The V s 
expression vector sequence also contains a short 
nucleic acid sequence that codes for amino acids 
typically found in variable regions heavy chain (V a 

15 backbone) , This v 8 backbone is just upetream and in 
the proper reading as the V„ DMA hoiaoXogs that are 
operativeiy linked into the Xho 1 and Spa I cloning 
sites. The sequences of the bop and bottom strands of 
the doublets trended synthetic DKA insert are listed 

20 respectively as SSQ. X» 80 X and SEQ ID m 2, The 
synthetic UNA insert is directions Xly iigated into 
Lambda Sap IX digested with the restriction ansymas 
Hot 1 and Xho I to form Lambda Ho2 expression vector, 
figure 4 illustrates the saajor features of the 

25 bacterial expression vector Lambda He 2 (V H expression 

vector) - The synthetic SNA sequence from Figure 3 is 
shown at the top along vith the T s polyraerase promoter 
from Lambda Sap II, The orier.uation of. rha insert in 
Lambda 2ap II is shown. The V H DNA honoiogs are 

30 inserted, into the Xho I and See I cloning sites. The 

read through transcription produces the decapeptida 
epitope (tag) that is located just 3 » of the cloning 
site. 

Figure 5 illustrates the seguence of the double- 
35 stranded synthetic SNA inserted into Lambda lap to 
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produce a Lambda Lc2 expression vector* The various 
features required for this vector to express the V r 
coding DSA homologs are described in Figure 3. The 
V.-coding DHX homologs are eperativsly linked into the 
Lc2 sequence at the Sac X and Xno I restriction sites, 
The sequences of the top and Jjotfcom strands of the 
double-stranded synthetic DNA insert are listed 
respectively as SEQ ID HO 3 and SEQ ID NO 4. The 
synthetic DKA insert is direetionally ligated into 
Lambda Sap IX digested with the restriction enzymes 
Sac X and Not X to form Xamoda Le2 expression vector. 

Figure 6 Illustrates the major features of the 
bacterial expression vector X*c2 (\ expression 
vector) . The synthetic mh sequence from Figure 5 is 
shown at the top along with the T s polymerase promoter 
from lambda sap XX. The orientation of the insert ih 
Lambda Sap XX is shown* The f L PWh homologs are 
inserted into the sac 1 and 2£ho X cloning sites. 

Figure 7 illustrates the dieistronie expression 
pCoab, in the form of a phagesdd expression 
To produce wCcanfc, phagamids vera f irst 




. Le2, -using an in... vivo excision protocol 
according t© mnnfacturers instructions {Stratagene, 
La JoUa, California). The pCoab expression vector is 
prepared from Lambda Hc2 and Lambda Lc2 which do not 
contain V -coding or V r coding Wk homologs. The j& 
vivo excision protocol aoved the cloned insert from 
the Lambda Hc2 and Lc2 vectors into a phagemid vector. 
The resultant phagemids contained the same nucleotide 
sequences for antibody fragment cloning and expression 
as did the parent vectors. HeS and Lc2 phagemid 
expression vectors were separately restriction 
digested with Sea 2 and E00R 2. The linearised 
phagemids were ligated via the Sea I and BeoR X 
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cohesive tarsalm to form the dicisfcronie 
(combinatorial) vector, peomb. 

Figure s illustrates a schematic diagram of the 
opposition of pCBAK8-2b phagemid vector, the pathway 
5 for Fab assembly and incorporation in phage coat* The 
-vector carries the chloramphenicol acetyl transferase 
(.CAT) marker gene in addition to the nucleotide 
residua sequences encoding the F&~cpVTXX fusion 
polypeptide and the kappa chain* The fl phage origin 
10 of replication facilitates the generation of single 
stranded phagemid. The isopropyl 

thiogalaetopyranoside (XFTG) induced expression of a 
dicdstrohic message encoding the Fd-epVXXX fusion (v 8 , 
C H1 , cpVlXI) • and the light chain fv L , C L ) leads to the 

IS formation of heavy and light chains. Each chain is 

delivered to the periplastic space by the pelB target 
sequence, which is subsequently cleaved, The heavy 
chain is anchored in the membrane by cpVXXX fusion 
while the light chain is secreted into the periplasm, 

20 The heavy chain in the presence of light chain 
assembles to form Fan molecules. The Fats are 
incorporated into phage particles via cpVXXX (black 
dots) «■ 

Figure $ illustrates the electron micrographic 
25 localisation of 5~? rm colloidal gold particles coated 
with KPK-BSA conjugate along the surface of 
filamentous phage, end .froas phage emerging from a 
bacterial cell. Panel SA shows filamentous phage 
emerging from the surface of the bacterial cell 
30 specifically labelled with the colloidal gold 

particles coated with BSA-NPh* antigen. Panel SB shows 
a portion of a mature filamentous phage on the length 
of which is exhibited the labelling of antigen binding 
sites* 

3S Figure 10 illustrates the results of a two-site 



won/mm 



-10- 

ELXSA for asking for the presence and taction of 
Fab antibody attached to the surface of bacteriophage 
petioles as described In Example- 4b. For egression 
of Fab antibody on phage surfaces, XLI~Blne ceils were 
transformed with the phagamid expression vector, 

The inducer f isopropyl 
thiogalactopyranosida (IPTG) , was admixed with the 
bacterial suspension at a final concentration of 1 ssM 
for one hour. Helper phage was then admixed with the 
bacterial suspension to initiate the generation of 
copies of the sense strand of the phagemid MA. After 
a two hour .maintenance period, bacterial supernatant® 
containing bacteriophage particles were collected for 
assaying in ELXSA* 

Specif ic titratable binding of &TH~Fah-~exprassing 
bacteriophage particles to MPH~coated plates was 
exhibited. No binding was detected with helper phage 



Figure 11 illustrates the inhibition of HFR~Fab 
expressing bacteriophage to NFN antigen-coated plates 
with the addition of increasing amounts of free 

tm assays were performed as described in 
10. complete inhibition of binding was 
. with S ng of added free $BS hapten. 
Figure 12 illustrates schematically the process 
of ssutagenizing the CBS® region of a heavy chain 
fragment resulting in an alteration of binding 
specificity. The oligonucleotide primers are 
indicated by hlaoh bars, The process is described in 
Example 6. 

Figure 13 illustrates the amino acid sequences 
and corresponding S.EQ ID MO of the heavy chain of the 
CDE3 region of the starting and selected clones, and 
the affinities of the clones for free fluorescein and 
FX-BSA* lbs asterisk indicates the approximate Ed as 
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determined by competitive. ELlSh * 

Figure 14 illustrates the asiino acid sequences 
and corresponding SEQ 10 HO of the light chain of the 
CDKS region of the starting and selected clones , and 
the affinities of the clones for free fluorescein and 
FX-BSAx *The asterisk indicates the approximate Xd as 
determined toy competitive ELXSA. 



10 A, Stiinltl^s 

MlaS^4aM»ISSites An amino acid forced 
upon chemical digestion {hydrolysis} of a polypeptide 
at Its peptide linkages, The amino acid residues 
described herein are preferably in the »L« isomeric 

15 form. However, residues in the *»B* isomeric forsa can 
he substituted for any L~anlno acid residue, as long 
as the desired functional property is retained by the 
polypeptide, HH 2 refers to the free amino group 
present at the amino terminus of a polypeptide.' COOH 

SO refers to the free carboxy group present at the 

caxboxy terminus of a polypeptide. In keeping with 
standard polypeptide nomenclature (described in CL, 

Biol, Cham,,, 243 j 3532-59 (1969) and adopted at 3? 

C.F.R, 1.822(b) £2)), abbreviations for amino acid 

2S residues are shown in the following Table of 



TABLE OF i 

BHIKP. ACID, „ 



,etter 3 -Letter 

t Tyr tyrosine 

G Sly glycine 

F 3?he phenylalanine 

M Met methionine 

A Ala alanine 
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5 



10 



15 



s 


Ser 


serine 


I 


lis 


i so leucine 


L 


Leu 


leucine 


^ 


Thr 


threonine 




Wl 


valine. 




£ro 


proline 




bys 


lysine. 


H 


His 


hietl&ine 




Gin 


giutamine 




Glu 


glutamic acid 




six 


Glu and /or Gin 


w 


Trp 


tryptophan 


R 


Arg 


arginine 


D 


Asp 


aspartic acid 


H 


Asa 


asparagine 


S 


ASX 


Ash and/ or Asp 


■C 


cys 


cysteine 


J 


Xaa 


Unknown or other 



20 it should be noted that all amino acid residue 

stances represented herein .by formulae have a left- 
to-right orientation in the conventional direction of 
amino terminus to cartooxy terminus, In addition, the 
phrase "amino acid residue'* is broadly defined to 

25 Include the amino acids listed In the Table of 

Correspondence and modified and unusual amino acids, 
such as those listed in 37 CFR 1.822(b) (4), and 
incorporated herein by reference. Furthermore, it 
should be noted that a dash at the beginning or end of 

3 0 an amino acid residue sequence indicates a peptide 

bund to a f urther sequence of one or more amino acid 
residues or a covaient bond to an amino-terminal group 
such as HHt or acetyl or to a carboxy -terminal group 
such as CODE, 

35 nucleotide: S. monomeric unit of DPA or RKA 
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consisting of a sugar ssoiety (pentose) , a phosphate , 
and a nitrogenous heterocyclic base. The base is 
linked to the sugar moiety via the glycosidic carbon 
p,» carbon of the pentose) and that combination of 
s base and sugar is a nucleoside. When the nucleoside 
contains a phosphate group bonded to the 3* or 5 5 
position of the pentose it is referred to as a 
nucleotide. A sequence of operatively linked 
nucleotides is typically referred to herein as a "base 
10 sequence" or "nucleotide sequence M , and their 

grammatical equivalents, and is represented herein by 
a formula whose left to right orientation is in the 
conventional direction of S*~termimts to 3 '-terminus. 
Bass Pair {bp) t A partnership of adenine (A) 
15 with thymine (?) , or of cytosine (C) with guanine (G) 
in a double stranded mm ssolecule. In uracil (0) 

is substituted for thymine. 

lESlaic,,Jcid? A polymer of nucleotides, either 
single or double stranded, 
to 2&X m&&X®$&i&®i a polymer of single or double 

stranded nucleotides. As used herein "polynucleotide w 
and its grammatical equivalents will include the full 
range of nucleic acids . h polynucleotide will 
typically refer to a nucleic acid molecule comprised 
25 of a linear strand of two or more deoxyribonucleotides 
and/ or ribonucleotides. The exact size will depend on 
many factors, which in turn depends on the ultimate 
conditions of use, as is well known in the art. The 
polynucleotides of the present invention include 
30 primers, probes, t- nts c - n act ides or 

"slices" (relatively short polynucleotides) f genes. 

Gene: A nucleic acid whose nucleotide sequence 
codes for an KPA or polypeptide. A gene can be either 
35 RNA Or DNA .. 
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QKp mm a doub.le~stra.nded nucleic acid 
molecule comprising two strands of substantially 
ecwa^iaMtary .polynucleotides held together fey one or 
mora hydrogen bonds between .each of the complementary 
S bases present in a base pair of the duplex*. Because 
the nucleotides that form a base pair can be either a 
ribonucleotide base or a deoxyribonucleotida base, the 
phrase "duplex DHA H refers to either a BhA-DNA duplex 
comprising two DMA strands (ds UN*} , or an HS&~XS*£< 
10 duplex comprising one DMA and one mk strand, 

SojjaltiEf^lta.OLJ-^^ 5 Nucleotides that normally: 
pair up when DKA or mk adopts a double stranded 
oonf iguration . 

~__ oc - Jenca of 

IS- nucleotides in a single-stranded molecule of SNA or 
m& that is sufficiently complementary to that on 
another single strand to specifically hybridise to it 
with constant by&rogen bonding. 

conserved; A nucleotide sequence is conserved 
20 with respect to a preselected (reference) sequence if 
it non~randomly hybridises to an exact, complement of 
the preselected sequence. 

Hybridisation; The pairing of substantially 
eo&plamentary nucleotide sequences (strands of nucleic 
2.5 acid) to torn a duplex or heterodupiass by the 

establishment of hydrogen bonds between complementary 
base pairs. It is a specific, i.e. non-random, 
interaction between two complementary polynucleotides 
that can fee competitively Inhibited, 
30 Nucleo t ide Analog? A purine or pyriaddine 

nucleotide that differs structurally from A, T> G f C, 
or but is sufficiently similar to substitute for 
the normal nucleotide in a nucleic acid molecule. 
D NA Komolo c;: Is a nucleic acid having a 
35 preselected conserved nucleotide sequence and a 
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sequence coding for a receptor capable of binding a 
preselected li gene - 

•Recombinant^ DN A ./rD.H£ ) .... m oAsjnile : a DKA molecule 
proceed fcy opera t i vei y 1 ink ing two DNA segments, 
S Thus, a recombinant DNA molecule is a hybrid DNA 

molecule comprising at- least two nucleotide sequences 
not normally found together in nature. rDHA * s «ot 
having a common biological origin, i.e., 
avolutienarily different f are said to be 
10 "heterologous* ♦ 

Vector s a -rDNA molecule capable of autonomous 
replication in a cell and to which a DKA segment, 
e,g. t 9»n* or polynucleotide, can be operativeiy 
linked so as to bring about replication of the 
13 attached segment. Vectors capable of directing the 
expression of genes encoding for one or more 
polypeptides are referred to herein as "expression 
vectors", particularly important vectors allow 
cloning of cDHA (complementary DMA) from snRNAs 
SO produced using reverse transcriptase. 

Sfecep-fcpr s A receptor is a molecule,, such as a 
protein, glycoprotein and the like, that can 
specifically < non-rand omly) bind to another molecule. 
Antibody; The term antibody in its various 
25 grammatical forms is used herein to refer to 

imjaunogl obulin molecules and. Immunol ogle a 1 1 y active 
portions of immunoglobulin molecules, i.e. , molecules 
that cox-it ain an antibody combining site or paratope. 
Exemplary antibody molecules are intact immunoglobulin 
30 molecules, substantially intact immunoglobulin 

molecules and portions of an immunoglobulin molecule, 
including those portions known in the art as Fab, 
Fab * , F ( at f ) 2 and F (v) . 

Antibody Combining Si ts : An antibody combining 
35 site is that structural portion of an antibody 
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molecule emprise* of a neavy and light chain variable 
ana hv»ervariafele regions that specifically binds 
(i^unoreacta with) an antigen. The ten. i»nereact 
in its various forms means specific binding between an 
K antigenic determinant-containing .molecule and a 

molecule containing an antibody combining site such as 
a whole antibody jsolecule or a portion thereof. 

Manoclonal AnHiho&v x The phrase monoclonal 
antibody in its various grammatical forms refers to a 

,10 population of antibody molecules that contains only 
one species of antibody combining site capable of 
iismunoreacting with a particular antigen. A 
monoclonal antibody thus typically displays a single 
binding affinity for any antigen vith which it 

IS immunoreacts, A monoclonal antibody may therefore 
contain an antibody molecule having a plurality of 
antibody combining sites., each imimmospacif ic for a 
different antigen, *.-g v a ^specific monoclonal 
antibody . 

SO Fattittfr pal-wettfeiAK A polypeptide comprised of at 

least two polypeptides and a linking sequence to 
oparativeXy link the two polypeptides into one 
continuous polypeptide. The two polypeptides linked 
in a fusion polypeptide are typically derived from two 

25 independent sources, and therefore a fusion 

polypeptide comprises two linked polypeptides not 
normally found linked in nature, 

Upstream ; In the direction opposite to the 
direction of DHA transcription, and therefore going 

30 from 5' to 3 s on the non -coding strand, or 3» to 5 s on 
the mEh T A . 

Downstrea m:: Further along a DHA sequence in the 
direction of sequence transcription or read out, that 
is traveling in a 3'- to 5 » -direction along the non- 
35 coding strand of the M or 5 ! - to 3 '-direction along 



-li- 
the BMh transcript* 

Cigtron; sequence of «acl*otid®s In a DNA 
.aoiecule coding for an amino acid residue sequence and 
ineiudinq upstream and downstream DHA expression 
control elements, 

gton... Codon * Any of three eodons that -do not code 
for an amino acid, but instead cause termination of 
protein synthesis . They are DAG, UAA and VGA and are 
also referred to as a nonsense or termination eodon. 

freadsr Polypeptide; A short length of amino acid 
sequence at the amino end of a polypeptide .. which 
carries or directs the polypeptide through the inner 
•membrane and so ensures its eventual secretion into 
the periplastic space and perhaps beyond. The leader 
sequence peptide is commonly removed before the 
polypeptide becomes active, 

Reading? Frame; Particular sequence of contiguous 
nucleotide triplets {codons} employed in translation, 

raading frame depends on the location of the 
translation initiation pod-on. 

B. Illimentcsi^h^e 

The present invention contemplates a 
filamentous phage comprising a matrix of proteins 
encapsulating a genome encoding first and second 
polypeptides capable of forcing a heterodimeric 
receptor- The phage further contains a heterodimeric 
receptor comprised of the first and second 
polypeptides surface-integrated into the matrix via a 
filamentous phage membrane anchor domain fused to at 
least one of the first or second pc 3 e , The 

heterodimeric receptor has the capacity to hind ligand 
end therefor is referred to as a ligand-binding 
heterodimeric receptor. 

The heterodimeric receptor in a preferred 
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embodiment is an epitope-binding complex. That is, a 
cam>l*x of first and second polypeptides capable of 
binding an epitope- Preferably, the first and second 
polypeptides are antibody heavy chain and light chain 
5 polypept ides * 

The first and second polypeptides are -capable of 
autogenous assembly into a functional epitope-binding 
complex (heterodimerie receptor) , which is then 
expressed on the outer surface of the phage in a 
10 manner accessible to ligand, i.e., they are sur face- 
integrated into the phage. Thus, an epitope -binding 
complex is typically present on the surface of a phage 
of this invention. Typically, the epitope-binding 
complex is comprised of a linking polypeptide that 
15 contains a filamentous phage aembrana anchor domain, 
such as a polypeptide described in Section C, and a 
non-linking polypeptide {s ) . Preferred are phage 
having a colli or epYXII membrane anchor domain fused 
to a polypeptide of the hef erodimeric complex as 
20 described further herein. 

Because the receptor is linked to the phage in a 
surface accessible aasnsr, the phage can be 
advantageously used as a solid-phase affinity sorhent. 
In preferred embodiments, the phage are linked, 
25 preferably removably linked,, to a solid (aqueous 
insoluble) matrix such as. agarose, cellulose, 
synthetic reins, polysaccharides and the liha. For 
example, transf orxsants shedding the phage can be 
applied to and retained in a column and maintained 
30 under conditions that support shedding of the phage, 
An aqueous composition containing a ligand that binds 
to the receptor expressed by the phage is then passed 
through the column at a predetermined rate and under 
receptor-binding conditions to form a solid-phase 
35 receptor- ligand complex. »e column is then washed to 
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10 



15 
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25 



30 



the solia-pfea.se phage. The Iigand can then fee removed 
and recovered by washing t3»e column with a .buffer that 
promotes dissociation of the reccptor-ligand complex. 

Alternatively, purified phage can he admixed with 
a aqueous solution containing the iigand to foe 
affinity purified. The receptor /iigand binding 
reaction admixture thus formed is maintained for a 
time period and under binding conditions sufficient 
for a pfeage-iinked receptor- Iigand complex to sfcrm, 
The phage-bound Iigand {ligand-bearing phage) are then 
separated and recovered from the unbound materials, 
such as by centric ugat ion, electrophoresis^ 
precipitation, and the like. 

Phage of this invention can foe labeled when used 
in a diagnostic, method of this invention. Preferred 
labels include radioactiveiy labeled nucleic acids 
incorporated into the phage genome,, or radioactiveiy 
labeled amino acids incorporated into protein 
components of the phage particle. Preparation of 
labeled phage can fee routinely prepared fey growing 
phage as described herein, but including radiolabeled 
nucleotides or radiolabeled amino acids in the culture 
medium for incorporation into nucleic acids or 
polypeptides of the phage , respectively.. Exemplary 
labels are *H-r.hymidine or "^-methionine » Other 
isotonic labels and other nucleotide or amino acid 
precursors are readily available to one sxiiled in the 
art. The labeled phage preferably contains sufficient, 
label to be detectable in a iigand binding assay of 
this invention, i.e. , the phage is detectably labeled. 




recombinant DNA (rDNA) molecule adapted for receiving 




A vector of the present, invention is a 
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and expressing translatable DNA sequences in the torn 
of a fusion polypeptide containing a fila* »t us phage 
Mtorane anchor domain and a prokaryotic secretion 
, iwa i toaiiu The vector comprises a cassette that 
Includes upstream and downstream translatable DMA 
segn^ces operative!? linked via a sequence -of 
nucleotides adapted for directional ligation to an 
insert DNA. The upstream translatable sequence 
encodes the secretion signal as defined herein. The" 
downstream translatable sequence encodes the 
filamentous phage iseabrans anchor as defined herein. 
The cassette preferably includes DHA expression 
control sequences for expressing the fusion 
polypeptide that is produced when an insert 
translatable DP& sequence (insert DNS.) as 
directions ily inserted into the cassette via the 
sequence of nucleotides adapted for directional 
ligation. The f iXa«tous ph*ge westerns anchor is 
preferably a domain of the epXIX or cpvTXX coat 
protein capable of binding the matrix of a filamentous 
phage particle, thereby incorporating the fusion 
polypeptide onto the phage surface, 

&a expression vector is characterised as being 
capable of expressing, in a compatible host, a 
structural gene product such as a fusion polypeptide 
of the present indention, 

as used herein, the tern w vector" refers to a 
nuclei o acid molecule capable of transporting between 
different genetic environments another nucleic acid to 
which it has been operative!? linked. Preferred 
veetors are those capable of autonomous replication 



and expression 



products present in 



the OK* segments to which they are operative!? linked. 

as used herein with regard to DNA sequences or 
segments, the phrase "operative!? linked 4 * means the 
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sequences or segments have bean cov&lently joined, 
preferably toy conventional phosphodi aster bonds f into 
one strand of B#A> : whether in single or double 
stranded Ions. 

5 The choice of vector to which & cassette of this 

invention is operative ly linked depends directly, as 
is well known in the art, on the functional properties 
desired, e.g. , vector replication and protein 
expression, and the host cell to toe transformed, these 
10 being limitations inherent in the art of constructing 
recombinant DNA molecules. 

In preferred embodiments , the vector utilized 
includes a prokaryotie replicon i.e., a DNA sequence 
having the ability to direct autonomous replication 
IS and maintenance of the recombinant UNA molaenle extra 
otoromosomally in a prokaryotie host cell, such as a 
bacterial host cell, transformed therewith. Such 
replieons are well Jchown in the art. In addition, 
those embodiments that include a pro&aryotic replicon 
2D also Include a gene whose expression confers a 

selective advantage, such as drug resistance, to a 
bacterial host transformed therewith. Typical 
bacterial drug resistance genes are those that confer 
resistance to ampicillin or tetracycline. vectors 
25 typically also contain convenient restriction sites 
for insertion of translatable DHA sequences. 
Exemplary vectors are the plssrdus pUCS, pUCS , pBR322, 
and pSR32S available from BioRad Laboratories, 
(Richmond, CA> and pPL and pKK223 available from 
3D Pharmacia, (Fiscatavayn NJ) . 

A sequence of nucleotides adapted for directional 
ligation, i.e., a poly linker, is a region of the DNA 
expression vector that (1) operative ly links for 
replication and transport the upstream and downstream 
35 translatable DHA sequences and {2} provides a site or 
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means for directional ligation of a SNA sequence into 
■the vector, Typically, a directional poly linker is a 
sequence of nucleotides that defines two or more 
restriction endonuciease recognition sequences, or 
s restriction sites. Upon restriction cleavage , the two 
sites yield cohesive termini to which a translatable 
SNA sequence can be Heated to -the m& expression 
vector. Preferably, the two restriction sites 
provide, upon restriction cleavage,, cohesive termini 
10 that are non-complementary and thereby permit 

directional insertion of a translatable OKA sequence 
into the cassette. In one embodiment, the directional 
ligation means is provided toy nucleotides present in 
the upstream translatable W& sequence, downstream 
IS translatable DM sequence , or both. In another 

embodiment, the sequence of nucleotides adapted for 
directional ligation comprises a sequence of 
nucleotides that defines multiple directional cloning 
means. Where the sequence of nucleotides adapted for 
20 directional ligation defines numerous restriction 

sites, it is referred to as a multiple cloning site. 

A translatable SNA sequence is a linear series of 
nucleotides that provide an uninterrupted series of at 
least 8 codons that encode a polypeptide in one 
2S reading frame. 

An upstraac translatable SNA sequence encodes a 
prokaryotie secretion signal. The secretion signal is 
m leader peptide domain of protein that targets the 
protein to the periplastic membrane of grass negative 
30 bacteria, 

A preferred secretion signal is a pels secretion 

the secretion signal domain from two peiB gene product 
3r5X > > r : c fa are shown in Table 1 as 

3S described toy toel, at ml., : Nature, 33X;S43~S46 (1S88) . 
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A particularly preferred pels secretion signal is also 
shovi* in Table I- 

The leader sequence of the. peXB protein has 
previously been used as a secretion signal for fusion 
5 proteins. Better St el « f ij&i£BSfi, 240:1041-1043 

£1388)? Sastry et al*> £roc^NgtX, ; ,,,,,Acad,, Scd, USA , 

86 :572S-5732 (1989); and Mul l in ax et ah, Eric- Nat.l.-.. 

Acad. Sol, USA, 87:8095-8099 (XSSQ) . 

Amino acid residue sequences for other secretion 
10 signal polypeptide domains from I_ w col.i useful in this 
invention are also listed in Table l. Oliver, In 
Neidhard, F.c. <e3.j, f c a s e.sil.;.,i . ill i a n<S i.slf it: d 1J a 

I " , American society for Microbiology, 
Washington, Dec, u 56-65 (19S7) . 
15 A translatable CM sequence encoding the pels 

secretion signal having the amino acid residue 
sequence shown in S£Q* Xf>* HO, 5 is a preferred SNA 
sequence for inclusion in a DHA expression vector of 
this invention » 
ZP A downstream translatable DKA sequence encpdes 

a filamentous phage membrane anchor. Preferred 
membrane anchors are obtainable from filamentous phage 
H13, xl, fd f and the like equivalent filamentous 
phage, Preferred membrane anchor domains are found in 
25 the coat proteins encoded by gene III and gene VXII » 
Thus , a downstream translatable DNA sequence encodes 
an amino acid residue sequence that corresponds , and 
preferably is identical, to the membrane anchor domain 
of either a filamentous pease gen® III or gene VXXJ 
3 0 c o a t p o 1 y p e p t i d e , 

The membrane anchor domain of a filamentous phage 
coat protein is a portion of the sarboxy terminal 
region of the coat protein and includes a region of 
hydrophobic amino acid residues for spanning a lipid 
3s bi layer membrane, end a region of charged amino acid 
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TabXe 1 

SBQ 

{ 6 J pel-S 2 HetL,ysayrLeuL««ProThrAl»AlaAl aGXyLauLsu 

X,euLetiAXaAlaGln.?roAlaGiTiProAlaMetAla 
C 7 ) pelB 5 Metj^ysSerLeuXleThrFroXleAlaAiaSlyLsuLeu 

LeuAXaPheSerCXlnTyrSer LeuAXa 
(g) WfclJE* MstLysIleLysThrGlyAXaArgXXeLsuAXaLettSsr 

AXaLe^hrThrHetH&tFheSBrAXaSerAXaLeuAla 
XysXla 

($ 5 OsapF* KetHetI»ys&rgAsnXIeL©tiAla\ T alXl©Vs IProAla 

T, & uLeaaValAXaGXyThrAXaAsnAiaAIaGXtt 
(10) SfcoA* HetXysGInSer^hrXleAXa^eiiAlaLeuLeuProLey 

Lei5PhsXtoProVaX 1 XhxLysAXaArg^kr 
81&* H<&tSerXleGXnHisP^ArgWX^XaLeuXXePr©Pto« 

PheAX&AXaPbsCysLetsProVaXPhs&XaKi^Pre 
2**B* HetHetXXaX^rX®taArgI>ysL®uProL®uAXa¥aXAXa 
VaXAXaAlacayVaXMetSerAXaGXnAXaMetAlaVal 
Asp 

(13 } Lpp* HatLysAXaThrLysLeuVaXLeuGXyAXavaXI XeXeu 

GXySerThrLa^euAlsGXyCysSer 
(14) cpVXXX 5 HetLysIysSerLeuVaXLeuLysAXaSerVaXAXa^aX 

AXaTfcrXsuValPrDHetX,euSe5TPhaAXa 
( is) cpXXX* MetXysLysLeuLe.uPhaAXallsPro;LeuVal\ r alPro 
PheTyrSerH.isSer 



(XX) 

20 {12} 



1 



peXB used in this invention 

peXB froxa £r^ini,g...carotoy^a gene 

paXB frost Erw inja carote vora EC 18 gens 

leader sequences from X< gall 

leader sequence for cpVXXX 

leader sequence for cpXXX 
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residues aormaXXy found at the- cytoplasmic face of the 
membrane and extending sway from the membrane. 

In th& phage fl f gene Y1II coat protein's 
membrane spanning region comprises residue Trp-26 
g through Lys-4 0,< and the cytoplasmic region comprises 
the oar boxy-terminal 13, residues from 41 to .52* 
OhJcawa at al., J. Biol. Chem. . 256:9951-9958 (1981). 
An exemplary membrane anchor would consist of residues 
36 to 40 of cpVXXI. 
10 Thus, the amino acid residue sequence of a 

preferred membrane anchor domain is derived f irons the 
H13 filamentous phage gene 111 coat protein (also 
designated cpXXX) . A preferred opX IX -derived membrane 
anchor has a sequence shown in SEQ XD HO, 16 from 
15 residue X to residue 211 , Gene XXI coat protein is 
present on a mature filamentous phage at one end of 
the phage particle with typically about 4 to S copies 
of the coat protein. 

♦Tha amino acid residua sequence of another 
20 preferred ®«sabrane anchor domain is derived from the 
H13 filamentous phage gene vlXX coat protein (also 
designated cpVXXX) , A preferred cpVXXX -derived 
mejabrane anchor has a. sequence shown in SEQ XD NO, 1? 
Iron residue X to residue SO, Gene VXXX coat protein 
2.5 is present on a mature filamentous phage over the 

majority of the phage particle with typically about 
2500 to 3000 copies of the coat protein. 

For detailed descriptions of the structure of 
filamentous phage particles, their coat proteins and 
.30 particle assembly, see the 'reviews by Rached et al. , 

Microbio l,. Rev. , 50? 401-42? (1986)? and Model st ah, 
in "The Bacteriophages: vol. 2", Calendar, ed. 
Plenum Publishing Co., pp. 375-456, (19SS) . 

A cassette in a DNA expression vector of this 
3 5 invention is the region of the vector that forms, upon 



wo mmmf 



insertion of a translatable DNA sequence (insert; DNA} , 
a sequence of nucleotides capable of expressing, in an 
appropriate host, a fusion polypeptide of this 
invention. The express ion-competent seance of 
nucleotides is referred to as a cistron. Thus, the 
cassette comprises SNA expression control elements 
operatively linked to the upstream and downstream 
translatable DNA sequences . A cistron is formed when 
a translatable DNA sequence is directionaliy inserted 
fdireetionally ligated) between the upstream and 
downstream sequences via the sequence of nucleotides 
adapted for that purpose* The. resulting tbree 
translatable UNA sequences, namely the upstream, the 
inserted and the downstream sequences, are ell 
operatively linked in the same reading frame, 

DNA expression control sequences comprise a set 
of UNA expression signals for expressing a structural 
gene product and include both S* and 3 « elements, as 
is well known, operatively linked to the cistron such 
that the cistron is able to express a structural gene 
product, The S» control sequences define a promoter 
for initiating transcription and a ribosome binding 
site operatively linked at the 5* terminus of the 
upstream translatable m& sequence, 

achieve high levels of gene expression in E, 
coli, it is necessary to use not only strong promoters 
to generate large quantities of mBNA, but also 
ribosome binding sites to ensure that the mRNA is 
efficiently translated, In E^co^i, the ribosome 
binding site includes an initiation ccdon (AUG) and a 
sequence 3-9 nucleotides long located 3-XX nucleotides 
upstream from the initiation codon [Shine et ai*, 
Nature, 254:34 (1375)3 • The sequence, AGS AGCSD , which 
is called the Shine-Dalgarno (SD) sequence, is 
complementary to the "3 ; end of E» coli 1SS mBNA, 
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Binding of the ribosoaae to jgKKA and the sequence at 
the 3 s end of the tiKHA can be affected by several 
factors: 

(i) The degree of coxrsp 1 e&ent &r i ty between 
§ the SD sequence afifl 3' end of the 16S tRNA. 

(ii) The spacing and possibly the BNA 
seq«snce lying between the Sp sequence end the AOS 
[Roberts et al., Proc . t3atl, Ac ad, Sci ; - USA, 7 6:760 

; Roberts at «X. , Proc, Natl. Acad. Sci. USA, 
10 76I5S96 (197Sb); Guarante et al., r Science . 209:1428 
{1*80} ; and Guarente et al, , £§21, 20:543 (IS SO) . J 
Optimisation is achieved by »eas\2ring the level of 
expression of genes in pl&smi&s in which this spacing 
Is systematically altered, comparison of different 
IS ssKNAs shows that there are statistically preferred 
sequences from positions -30 to *13 (where the A of 
the AOS is position 0} [Gold et &1, f Kntm,. &ev> 
Microbiol < , 35; 365 (1S81)}. Leader sequences have 
been shown to influence translation dramatically 
20 (Roberts et al* , %m a, b seer a) , 

(ill) The nucleotide sequence following the 
AUG, which affects rifeosoa© binding [Taniguchi et &i » t 

J - . Ho! . Biol, , 118JS33 (1978) j . 

Useful ribosome binding sites are shown in Table 
23 2 below, 
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Table 2 



(xa) s' 

4, (21) 5' 



sequences of initiation regions for protein 
synthesis in four phage molecules are 

lander lined* 

AUG «* initiation codon (double underlined) 

1. « Phage #£174 gene~A protein 

2, «* Phage- QS replicase 

3, *» Phage PX7 gene-A protein 

4. - Phage lasabda gene~ero protein 

$h® 3' control seguences define at least one 
termination, (stop) cotton in tm* with end operatively 
linked to the downstream translatable BKA seguence. 

Thus, a m& expression vector of this invention 
provides a systen for cloning translatable UNA 
sequences into the cassette portion of the vector to 
produce a cistroa capable of expressing a fusion 
polypeptide of this invention. 

In preferred embodiments , a BNA expression vector 
provides a system for independently cloning 
(inserting) two translatable DNA sequences into two 
separate cassettes present in the vector, to forr two 
separate cistrons for expressing both polypeptides of 
a heterodimeric receptor, or the ligand binding 
portions of the polypeptides that comprise a 
he-cerodi -ric reoep-cr. ?h3 DNfc expression vector for 
expressing two cistrdns is referred to as a 
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dicistroaic egression vector, 

^as, a preferred DN& expression vector of this 
invention comprises , in addition to the cassette 
previously described in detail,, a second cassette for 
5 expressing a second fusion polypeptide. The second 

cassette Includes a second translatable DNA sequence 
that encodes a secretion signal, as defined herein 
before, operative ly linked at its 3 s terminus via a 
sequence of nucleotides adapted for directional 
10 ligation to a downstream mh sequence of the vector 

that typically defines at least one stop codon in the 
reading f raise of the cassette. The second 
translatable Wh sequence is operatively linked at its 
5* terminus to DNA expression control sequences 
15 forming the 5" elements defined above. The second 

cassette is capable, xipcn insertion of a translatable 
pile sequence (insert Bfcft) * of expressing the second 
fusion polypeptide comprising a fusion of the 
secretion signal with a polypeptide coded by the 
20 insert DHA, 

in a preferred embodiment, a DNA expression 
vector is designed for convenient manipulation, in the 
form of a filamentous phage particle encspsa la ting a 
genoxne according to the teachings of the present 
25 invention. In this embodiment , a DNA expression 

vector further contains a nucleotide sequence that 
defines a filamentous phage origin of replication such 
that the vector, upon presentation of the appropriate 
" x txon, can as a 

30 filamentous phage in single stranded replieative for® 

expression vector to foe packaged into phage particles 
for subsequent segregation of the particle, and vector 
35 contained therein, away from other particles that 
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comprise © population of phage particles. 

A £il«»fesRtptts phage origin of replication Is a 
region of the phage genome, as is vol) known, that 
defines sites for initiation of replication, 
5 termination of replication and packaging of the 

replicative form produced by replication. See, for 
example, Rasched et al. f Hi^ohioi, Be^, S0M01-427 
<19SS) ; and Boriuchi, i_Hol^Bio i.,.., 18S;2I5~223 
(1988} . 

10 & preferred filamentous phage origin of 

replication for use in the present invention is a BT3, 
fl or £& phage origin of replication. Particularly- 
preferred is a filamentous phage origin of replication 
having a sequence shown in SEQ ID h'O. 117 and 

15 described by Short et al., Bltf • Ml*.* 16*7583- 

7600 {1988} . Preferred mx expression vectors are the 
dicistronic agression vectors pGOHBS, pOC&BS, pC0ME2- 
8, pjxmXi pCK&BS, pC0«B2~3 and pCOMB2-3 * described In 
Example l. 

%q Insofar as a vector of this invention »ay be 

manipulated to contain an insert Wk f thereby having 
the capacity to express a fusion polypeptide, one 
embodiment contemplates the previously described 
vectors containing an insert OHiu Particularly 

25 preferred vectors containing antibody genes are 
described in the Examples. 

D. £olxp«PtideS 

In another embodiment, the present invention 
M contemplates a polypeptide comprising an insert domain 
flanked fey an amino- terminal secretion signal domain 
and a earboxy-terminal filamentous phage coat protein 
membrane anchor domain . 

The polypeptide is a fusion polypeptide having a 
35 receptor domain comprised of an amino acid residue 
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sequence that defines the ligand (epitope) binding 
domain of a receptor pr teir, positioned between a 
prokaryotio secretion signal domain and a filamentous 
phage membrane anchor domain. That is, the insert 
5 domain in the fusion polypeptide is she iiga.na -binding 

domain of a receptor and is also referred to as a 
iigsnd~.binCi.ng receptor polypeptide, 

Insofar as the polypeptide has a receptor domain, 
it is also referred to herein as a receptor. In other 
10 preferred embodiments the secretion signal domain is a 
pels secretion signal, as described herein. In 
addition,, it is preferred that the membrane anchor 
domain he derived from the filamentous phage cpJII or 
cpvill proteins as described herein. 
1.5 In preferred embodiments, the receptor protein is 

a polypeptide chain of a ligand-bindimg heterodimeric 
receptor. More preferably the heterodimeric receptor 
is an epitope-binding complex. 

Preferred heterodimeric receptors include 
20 immunoglobulins, major histocompatibility antigens of 
class I or II, lymphocyte receptors, integrins and the 
like heterodimeric rrc i 

(antibody molecules) can be in the form of Fab or ?v 
fragments, or other portions of an antibody molecule 

25 that contain regions of the variable domain of the 

heavy and light chains. 

In one embodiment,, a polypeptide of this 
invention has an amino acid residue sequence that can 
be represented by the formula, shown in the direction 

30 of amino- to carboxy terminus ; 

(FX | NH 2 ~Q- Oq^S-COOH, 

where 0 represents an amino acid residue sequence 
defining a secretion signal, I) represents a first 
spacer polypeptide, V represents an amino acid residue 

35 sequence defining a receptor domain (a ligand-binding 
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receptor polypeptide} , X represents 
oolypeptlde, and % represents an amino acid residns 
defining a filamentous phage cost: protein 
with the proviso that m is the 




that when m is 0, S is not 
is I? TJ is present, and n is 0 or 
l such that when n is o, X is not present and when n 
is x r >' present* 

In the formula { FX} t the secretion signal and the 
10 filamentous phage coat protein snembraae anchor are as 
defined herein above. Thus, a preferred polypeptide 
comprises an antibody variable chain domain-deriyed- 
polypeptide operativeXy linked at its amino-terminus 
to the secretion signal and operatively linked at its 
IS car boxy-terminus to the ®ambrane anchor. 

A preferred polypeptide of this embodiment 
consists essentially of an antibody heavy chain 
polypeptide as the variable domain. In this regard 
"consists essentially of* means that the polypeptide 
20 does not contain an antibody light chain polypeptide, 
or portion thereof. Particularly preferred is a 
polypeptide according to formula (FX) where 1 defines 
the epXXI or cpVXXX xaejabrane anchor as described 
herein. In another preferred embodiment the secretion 
25 signal is the pels secretion signal. 

As used herein with regard to polypeptides, the 
phrase "operatively linked" means that polypeptide 
fragments, or protein domains represented by 
polypeptides, have been covalently joined into a 
30 single polypeptide polymer, preferably by conventional 
amide bonds between the adjacent amino acids being 
linked in the polypeptide. 

In one embodiment, v is an amino acid residue 
sequence that defines the ligand binding domain of a 
35 chain of a heterodimeric receptor molecule, and 
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preferably is an * vs v ble region 

polypeptide. In a particularly preferred polypeptide 
V is a \ or v t polypeptide x Most preferred is a 
polypeptide where V is an immunoglobulin \\ 
5 polypeptide {antibody heavy chain polypeptide}, and n 

arid « are .both zero. 

In another eiabodiment, o or X can define a 
proteolytic cleavage sits* swch as the sequence of 
amino acids found in a precursor protein, such as 
10 prothrombin, factor X and the like, that defines the 
site of cleavage of the polypeptide, A fusion 
polypeptide having a cleavage site provides a means to 
purify the polypeptide away from the phage particle to 
which it is attached. 

1.5 The polypeptide spacers U and X can each have any 

sequence of amino acid residues of from about 1 to 6 
asaino acid residues in length. Typically the spacer 
residues are present in a polypeptide to accommodate 
the continuous reading frame that is required when a 

•20 polypeptide is produced by the methods disclosed 
herein using a mh expression vector of this 
invention. 

A receptor of the present invention assumes a 
conformation having a binding site specific for, as 

25 evidenced by its ability to be competitively 

inhibited, a preselected or predetermined iigand such 
as an antigen, hapten, enzymatic substrate and the 
like , In one embodiment, a receptor of this invention 
is a iigand binding polypeptide that forms an antigen 

3 0 binding site which specifically binds to a preselected 
antigen to form a complex having a sufficiently strong 
binding between the antigen and the binding site for 
the complex to he isolated- "When the receptor is an 
antigen binding polypeptide its affinity or avidity is 

35 generally greater than 10 s H' 1 more usually greater 
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than 10* and preferably greater than 10 s H* 1 * 

in another embodiment, a. receptor of the subject 
invention binds a substrate and catalyzes the 
formation of a product fro* tha substrate, While the 
topology of the lief and binding site of a catalytic 
receptor is probably more important for its 
preselected activity than its affinity (association 
constant or pKa) for the substrata, the subject 
catalytic receptors have an association constant for 
the preselected substrate generally greater than XO 3 
U'\ mom usually greater than 10 5 H" 1 or 10* ST 1 and 
preferably greater than 10' M' 1 . 

Preferably the receptor produced by the subject 
invention is 

heterodimerio and is therefore normally 
comprised of two different polypeptide chains, which 
together assume a conformation having a binding 
affinity, or association constant for the preselected 
iigand that is different, preferably higher, than the 
affinity or association constant of either of the 
polypeptides alone, i.e., as monomers. The 
heterodimerie receptor is referred to as a Xigand- 
binding heterodimerie receptor to connote its ability 
to hind ligand. 

Thus, a preferred embodiment contemplates a 
Xigend-binding heterodimerie receptor comprising first 
and second polypeptides. ¥he first polypeptide is 
flanked by an amino-tarminal prokaryotic secretion 
signal domain and a carboxy-terminal filamentous phage 
membrane anchor domain. The second polypeptide is 
fused to an amino-terminal prokaryotic secretion 
signal domain. A particularly preferred Xigand- 
binding heterodimerie receptor utilizes a prokaryotic 
secretion signal as described herein. Additionally,- a 
preferred ligand-bindi.ng heterodimerie receptor 
contains a membrane anchor-derived from colli or 
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cpVTIX as described herein. 

A iigand"-hinding heterodimeric receptor is 
referred to as an epitope-binding complex to connote 
that the complex has a capacity to bind an epitope 
5 present on a iigand, and to connote that the 

heterodimeric receptor is formed by the association 
(complexation) of tw© polypeptides as described 
herein. 

One or both of the differ err. polypeptide chains 
10 is preferably derived iron the variable region of the 
Light and heavy chains of an immunoglobulin . 
Typically, polypeptides comprising the light (\) and 
heavy (¥>.} variable regions are employed together for 
binding the preselected iigand. 
15 Thus, one embodiment contemplates a Iigand ~ 

binding heterodimeric receptor in which the f irst 
poiypaptide is an antibody heavy chain polypeptide and 
the second polypeptide is a light chain polypeptide:. 
An alternative embodiment contemplates a Iigand- 
20 binding heterodimeric receptor in which the first 

polypeptide is an antibody light chain polypeptide and 
the second is an antibody heavy chain polypeptide. 

A receptor produced by the subject invention can 
be active, in monomer ic as well as strait inter ic forms , 
25 either homomeric or heteromerie, preferably 

net a- mer.i ^ple # V K and V\ ligand binding 

polypeptide produced by the present invention can be 

ed in the bet dimer to modulate 
the activity of either or to produce an activity 
30 unique to the heterodimer. 

Where the .individual iigana polypeptides are 
referred to as v„ and v t the heterodimer can be 
referred to as a Fv. However, it should be understood 
that a V,, jsay contain in addition to the V H , 
35 substantially all or a portion of the heavy chain 
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constant region, Similarly, a \\ may contain, in 
addition to the % t substantially ail or a portion of 
the light chain constant region, A heterodimer 
comprised of a V„ containing a portion of the heavy 
S chain constant region and a v t containing 

substantially all of the light chain constant region 
is termed a Fab fragment. The production of fab can 
be advantageous in sons situations because the 
additional constant region sequences contained in a 
10 Fab as compared to a Fv can stabilise the Y H and \ 

interaction. Such stabilisation can cause the Fab to 
have, higher affinity for antigen. In addition the Fab 
is more eoussonly used in the art and thus there are 
jaore cousmercial antibodies available to specifically 
15 recognize a Fab in screening procedures. 

The individual V 8 and V t polypeptides can foe 
produced in lengths equal to or substantially equal to 
their naturally occurring lengths. However, in 
preferred embodiments , the V„ and \ polypeptides .will 
20 generally have fewer than 125 amino acid residues, 

mm usually fewer than about 120 amino acid residues, 
while normally having greater than 60 amino acid 
residues, usually greater than about 95 amino acid 
residues, jaore usually greater than about 100 amino 
25 acid residues. Preferably, the V 8 will be from about 
110 to about 230 amino acid residues in length while 
¥ t will foe tram about 95 to about 214 amino acid 
residues in length. ¥ H and % chains sufficiently 
long to form Fabs are preferred. 
30 The amino acid residue sequences will vary 

widely , depending upon the particular idiotype 
involved. Usually, there will be at least two 
cysteines separated by from about SO to 75 amino acid 
residues and joined by a disulfide bond. The 
35 polypeptides produced by the subject invention will 
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normally be substantial copies of id iotypes of the 
variable regions of the heavy and/ or light chains of 
immunoglobulins, but in »oa>® situations a polypeptide 
may contain random mutations in amino acid residue 
5 sequences in order to advantageously improve the 

desired activity. 

In some situations, it is desirable to provide 
for eovalert cross linking of the V g and V L 
polypeptides, which can be accomplished by providing 

10 cysteine resides at the earboxyi termini. The 

polypeptide will normally be prepared free of the 
immunoglobulin constant regions, however a small 
portion of the J region may be included as a result of 
the advantageous selection of DNA synthesis primers. 

15 'The D region will normally be included in the 
transcript of the V H , 

Typically the C terminus region of the V H and \ 
polypeptides will have a greater variety of sequences 
than the H terminus and, based on the present 

20 strategy, can be further modified to permit a 

variation of the normally occurring v g and v L chains. 
A synthetic polynucleotide can be employed to vary one 
or more amino acid in a hypervariabla region. 

®S E. Methods f- 

In one embodiment the present invention 
provides a system for the simultaneous cloning and 
screening of preselected ligand-bin&ing specificities 

3 0 from gene repertoires using a single vector system. 

This system provides linkage ox cloning and screening 
methodologies and has two .requirements . First,- that, 
expression of the polypeptide chains of a 
hsterodimeric receptor in an in.d^itro expression host 

3 5 such as H\ coll requires ooerpression of the two 



polypeptide chains in order that a functional 
heterodimaric receptor can assemble to produce a 
receptor that binds ligand. Second, that screening ox 
isolated members of the library for a preselected 
ligand-hinding capacity requires a mns to correlate 
Ce'li^age) the binding capacity of an expressed 
receptor molecule with a convenient means to isolate 
the gene that encodes the mejsfoer from the library. 

Linkage, of expression and screening is 
accomplished by the combination of targeting of a 
fusion polypeptide into the periplasm of a bacterial 
cell to allow assembly of a functional receptor, and 
the targeting of a fusion polypeptide onto the coat of 
a filamentous phage particle during phage assembly to 
allow for convenient screening of the library member 
of interest. Periplastic targeting is provided by the 
presence of a secretion signal domain in a fusion 
polypeptide of this invention. Targeting to a phage 
particle, is provided by the presence of a filamentous 
phage coat protein membrane anchor domain (i.e., a 
cpXXX- or cpvixx-derived membrane anchor domain) in a 
fusion polypeptide of this invention. 

The present invention describes in one embodiment 
a method for producing a library of DNA molecules, 
each DMA molecule comprising a eistron for expressing 
a fusion polypeptide on the surface of a filamentous 
phage particle, The method comprises the steps of (a) 
forming a ligation admixture by combining in a 
ligation buffer (i) a repertoire of polypeptide 
encoding genes and (11) a plurality of DHTA expression 
vectors in linear form adapted to form a fusion 
polypeptide expressing eistron, and (b) subjecting the 
admixture to ligation conditions for a time period 
sufficient for the repertoire of genes to become 
operatively linked (ligated) to the plurality of 
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vectors to fera the library. \ 

In this embodiment;, the repertoire of polypeptide 
encoding genes are in the form of double-stranded (ds) 
DNA and each member of the repertoire has cohesive 
termini adapted for directional ligation, in 
addition, the plurality of DNA expression vectors are 
each linear DNA molecules having upstream and 
downstream cohesive termini that are (a) adapted for 
directional ly receiving the polypeptide genes in a • 
common reading frame, and (b) operatively linked to 
respective xnpstream and downstream translatable DMA 
sequences. The upstream trans la table DNA sequence 
encodes a secretion signal., preferably a peiB 
secretion signal., and the downstream translatable DNA 
sequence encodes a filamentous phage coat protein 
TObrane anchor as described herein for a polypeptide 
of this invention , 2«he translatable BPA sequences are 
also operatively linked to respective upstream and 
downstream DH& expression control sequences as defined 
for a mi. expression vector described herein. 

The library so produced cant he utilijsed for 

and screening of the fosi.cn polypeptides 
by the resulting library of oistrons 
represented in the library by the expression and 
screening methods described herein. 

A gene repertoire is a collection of 
different genes, preferably polypeptide-eneoding genes 
(polypeptide genes} ., and may be isolated from natural 
sources or can be generated artificially. Preferred 
gene repertoires are comprised of conserved genes, 
Particularly preferred gene repertoires comprise 
either or both genes that code for the members of a. 
dimerie receptor molecule. 
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evaluating the diversity of 
wall known to one skilled in the art. 

Thus, in one embodiment, the present invention 
contemplates a method of isolating a pair of genes 
coding for a dimerie receptor having a preselected 
3L0 activity from a repertoire of conserved genes, 

Additionally, expressing the cloned pair of genes and 
isolating the resulting expressed dimerie receptor 
protein is also described. Preferably, the receptor 
will be a heterodimeric polypeptide capable of binding 
15 a ligand, such as an antibody molecule or 

immunologically active portion thereof, a cellular 
receptor, or a cellular adhesion protein coded for by 
one of the -members of a family of conserved genes, 
i.e., genes containing a conserved nucleotide sequence 
20 of at least about 10 nuoleoti&as in length, 

Exemplary conserved families encoding 

different polypeptide chains of a dimerie receptor are 
those coding for immunoglobulins, major 
Mstocompatibiiity complex antigens of class 1 or XX, 
25 lymphocyte receptors,, integrins and the like, 

A gene can be identified as belonging to a 
repertoire of conserved genes using several methods. 
For example, an isolated gene may be used as a 
hybridisation probe under low stringency conditions to 
30 detect otter members of the repertoire of conserved 

genes present in genomic DNA using the methods 

described by Southern, U,QX^ SS;503 (197S) . 

If the gene used as a hybridisation probe hybridizes 
to multiple restriction endonuelease fragments of the 
35 genome, that gene is a member of a repertoire of 
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conserved genes. 

The imsaunoglobui ins f or antibody saolecuies, are a 
S large family of j&olecules that include several types 

of sjoleeules, such as XgD f XgG, jgA, IgM and lg:B. The 
antibody molecule is typically comprised of two heavy 
(H) and light (14 chains with both a variable (V) and 
constant (C) region present on each chain as shown in 

1.0 Figure l, schematic diagrams of human XgG heavy chain 
and human kappa light chain are shown in Figures 2A 
and 2B, respectively* Several different regions of an 
immunoglobulin contain conserved sequences useful for 
isolating an imnunoglo.bol.in repertoire. Extensive 

IS amino acid and nucleic acid sequence data displaying 

exemplary conserved sequences is compiled for 
ar~ unoglobul c Kabat et al. , 

®Z,M<ZteiV$ , QtiwnpJll 1;;,:.0. Inhere st , Kat iona 1 

institutes of Health, Barhasda, KB, 1887. 

2Q The c region of the H chain defines the 

particular immunoglobulin type. Therefore the 
selection of conserved sequences as defined herein 
from the c region of the H chain results in the 
preparation of a repertoire of immunoglobulin genes 

25 having -members of the immunoglobulin type of the 
selected C region* 

V region of the H or L chain typically 

relatively lower degrees of variability that includes 
3 0 lengths of conserved sequences. The use of conserved 

sequences frsiti the FRX and PR 4 (J region) framework 
regions of the V 8 chain is a preferred exemplary 
embodiment and is described herein in the Examples . 
Framework regions are typically conserved across 
35 several or ail immunoglobulin types and thus conserved 
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seguences contained therein are particularly suited 
for preparing repertoires having several 
immunog iobul in types , 

The major histocompatibility complex (mC) is a 
large genetic locus that encodes an extensive fausily 
of proteins that include several classes of molecules 
referred to as class I, class II or class III KHC 

uno.egy, 

Ravan Press, m, pp. 303-378 (X5S&4) . 

Class 1 mo molecules are a polymorphic group of 
transplantation antigens representing a conserved 
family in which the antigen is comprised of a heavy 
chain and a non-BBC encoded light chain, The heavy 
chain includes several regions, termed the CI., C2 , 
membrane and cytoplasmic regions. Conserved sequences 
useful in the present invention are found primarily in 
the I?, CI and €2 regions and are identified as 
continuous sequences of "invariant residues" in Kahat 
at a!., gjj&tst* 

Class II mc molecules comprise a conserved 
family of polymorphic antigens that participate in 
immune responsiveness and are comprised of an alpha 
and a beta chain. The genes coding for the alpha and 
beta chain each include several regions that contain 
conserved sequences suitable for producing HHC class 
IX alpha or beta chain repertoires. Exemplary 
conserved nucleotide sequences include those coding 
for amino acid residues 26-30 of the Al region, 
residues XS1-170 of the A2 region and residues 195-206 
of the membrane region, all of the alpha chain. 
Conserved sequences are also present in the Bl, B.2 and 
membrane regions of the beta chain at nucleotide 
sequences coding for amino acid residues 4.1-43, 150- 
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162 and 200-303, respectively. 

iZX±lh™ ~— J r 

Lymphocytes contain several families of proteins 
5 on their cell surfaces' including the T-cell receptor, 
Thy~i antigen and numerous T-cell surf ace . antigens 
including the antigens defined by the monoclonal 
antibodies 0KT4 (ieuS), OKTS/S (leu2) , 0KT3 f GKT1 
(leul) , OKT II (leuSj OKT6 and OKT9. Paul, sy.sasa at 
K) pp. 

The T-cell receptor is a tens used for a family 
of antigen binding molecules found an the surface of 
T~eeXis> The T-cell receptor as a family exhibits 
polymorphic binding specificity similar to 

IS immunoglobulins in its diversity. The mature T-ceXX 
receptor is comprised of alpha and beta chains each 
having a variable 0} p.n& constant (C) region, The 
similarities that the T-cell receptor has to 
iaaaunoglobuli ns in genetic organisation and function 

20 shows that S ! *~celX receptor contains regions of 

conserved sequence, Lai et al. , Ha tyre f 331;S43*-S46 
(1988). 

Exemplary conserved seguanees Include those 
coding for amino acid' residues S4--S0 of alpha chain, 
25 amino acid residues 107-1.1 S of beta chain, and amino 

acid residues 91-SS and X11-IX6 of the gamma chain. 
Kabat at al. , sut?r& . p. 21S, 

T a t;egrins,,And...,Mhesi.gns 

30 Adhesive proteins involved in cell attachment are 

neebers of a large family of related proteins tensed 
integrins . Intagrins are hstarcdixsers comprised of a 
beta and an alpha summit. Members of the integrin 
family include the cell surface glycoproteins platelet 

35 receptor GpXXfo-XIIa, vitronectin receptor (VnR) f 
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fifcroaectin receptor (FnR) and the leukocyte adhesion 
receptors hTA~l, H*e-i, Ho~l and 60-3. Rouslahti et 
ai., asitee, 23**4*1-497. {1M7J - Nucleic acid and 
protein sequence data demonstrates regions of 
conserved sequences exist in the ©embers of these 
families, particularly between the beta chain of 
&pXXh~XXX& f VhR and FhR f and between the alpha sub-unit 
of VnR, Mac-a, LFA~i f TtiU and GpXIb-IXXa. Suzuki et 
al., t»og. Natl- *«ad. Sci, USA , 83 J 86 14-8618 , 
Ginsberg et aL f Biol. Chem. . 262 : 5437-5440 , IS? 8?* 

various well known -methods can he employed to 
produce a useful gene repertoire. For instance, V n 
and v\ gene repertoires can he produced by isolating 
V r and V r coding mBNA from a heterogeneous population 
of antibody producing cells, i.e., B lymphocytes (B 
cells} , preferably rearranged 8 cells such as those 
found in the circulation or spleen of a vertebrate. 
Rearranged 8 cells are those in which immunoglobulin 
gene translocation, i.e., rs i - -ant, has occurred 
as evidenced by the presence in the cell of « with 
the imunbglobuiin gen® V, D and <X region transcripts 
adjacently located thereon. -Typically, the B calls 
are collected in a 1-100 sal sample of blood which 
usually contains 1Q & 3 cells/ml. 

In sosis cases,, it is desirable to hies a 
repertoire for a preselected activity, such aa by 
using as a source of nucleic acid ceils (source cells) 
from vertebrates in any one of various stages of age, 
health and immune response. For example, repeated 
immunization of a healthy animal prior to collecting 

enriched for genetic material producing a receptor of 
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rearranged B cells from a healthy animal whose immune 
system lias not been recently challenged (I.e. t a naive 
isanune system) results in producing a repertoire that 
is not biased towards the production of high affinity 
5 V 8 and/or V L polypeptides*. 

It should be noted the greater the genetic 
heterogeneity of the population of calls for which the 
nucleic acids are obtained, the greater the diversity 
of the immunological repertoire (comprising V H ™ and 
10 V^ooding genes) that will be made available for 
screening according to the method of the present 
invention. Thus, cells from different individuals, 
particularly those having an immunologically 
significant age difference, end calls from individuals 
IB of different strains, races or species can be 

advantageously combined to increase the heterogeneity 
(diversity) of a repertoire. 

Thus, in one preferred embodiment, the source 
cells are obtained from a vertebrate, preferably a 
20 st*a»»3L> which has been immunised or partially 

immunised with an antigenic ligand (antigen) against 
which activity is sought, i.e., a preselected ant icon, 
The immunisation can be carried out conventionally. 
Antibody titer in the animal can be monitored to 
25 determine the stage of immun i s a t i on desired, which 

stage corresponds to the amount of enrichment or 
biasing of the repertoire desired. Partially 
immunised animals typically receive only one 
immunisation and cells are collected from those 
30 animals shortly after a response is detected. Pally 

immunised animals display a peak titer, which is 
achieved with one or more repeated injections of the 
antigen into the host masn&i, normally at 2 to 3 week, 
intervals. Usually three to five days after the last 
3 5 challenge, the spleen is removed and the genetic 



repertoire of the splenacytes, about 90% of which are 
rearranged B ceils, is isolated using standard 
procedure. See, Q >rrep* m ft* ***- * * W»Mffft«r 
Biology, AusubeX et al. ... eds. Wiley & Sons, HI'. 
S Nucleic acids coding for V K amd V L polypeptides can foe 

derived from cells producing XgK, IgD,< IgB, XgG or 
XgM, Bost preferably from XgM and XgG, producing 
cells „ 

Methods for preparing fragments of genomic DN& 
IS from which itamunoglobulin variable region genes can be 
cloned as a diverse population are well known in the 
art. See for example Herrmann et ai, Mth.Q.ds I,% 
Enzvaol.,.,, 152:130-183, (1987) ; Frisohanf, Methods Is 
Emsym.P.1., . XS2:1S3~X90 (1937); frisehaui, Methods^ 
IS Engymol . , 152; 190-199 (1957); and Pi&eXXa et al. , 

Method:; - vmol, , XS2slS9~2X3 £198?) . (The. 
teachings of the references cited herein are hereby 
incorporated .by reference.) 

the desired gene repertoire can be isolated from 
20 either genomic material containing the gene expressing 
the variable region or the messenger J3JA (SRKTA) which 
represents a transcript of the variable region. The 
difficulty in using the genomic DNA from other than 
non-rearranged B lymphocytes is in juxtaposing the 
25 sequences coding for the variable region, -where the 
sequences are separated by introns. The DHA 
fragment (s) containing the proper exons must be 
isolated, the introns excised, and the axons then 
spliced in the proper order and in the proper 
30 orientation. For the most part, this will be 

difficult, so that the alternative technique employing 
rearranged B cells will be the method of choice 
because the V, D and ~r immunoglobulin gene regions 
have translocated to .become adjacent, so that the 
35 sequence is continuous (free of introns) for the 
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entire variable regions* 

Where ;mPM& is utilised the cells; will be iysed 
under RHase inhibiting conditions., In one eabodisent, 
the first step is to isolates the total cellular SiBKA* 
Poly &-f- jjjRNA con then bo selected by hybrid! station to 
an oligo-dT cellulose column . The presence or oJt?oes 
coding for the heavy and /or light chain polypeptides 
can then be assayed by hybridisation vith CPA single 
strands of the appropriate genes- Conveniently,, the 
sequences coding for the constant portion of the V,, 
and V t can be used as polynucleotide probes, which 
sequences can he obtained from available sources.. See 
for example, Early and Hood, genetic Engineering:, 
Set low anct Bollaender, e&s., Vol, 3, Plenum Publishing 
Corporation , NY,. {1981}, paces 157~18S; and Rabat -et 



Institutes of Health, Bethesda, m, (1087) „ 

In preferred e»feo<5i»ents:, the preparation 
containing the total cellular aBNA its first enriched 
for the presehce of V H and/or coding $$®k. 
Enrichment is typically accomplished by subjecting the 
total preparation or partially purified 

product thereof to a primer extension reaction 
employing a polynucleotide synthesis primer as 
described herein- Exemplary .methods for producing v.. 
and V. gene repertoires using polynucleotide synthesis 
primers are described in PCT Application h'o. PCT/US 
90/03836 (International Publication m. WO .90/14430) . 
Particularly preferred methods for producing a gene 
repertoire rely on the use of preselected 
oligonucleotides as primers in a polymerase chain 
reaction (PCR) to form PCR reaction products as 
described herein. 

In preferred embodiments, isolated B cells are 
~~ - <: In 
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vitro immunisation is defined as the clonal expansion 
of apitopa-speclfio B cells in culture, in response to 
antigen stimulation, The end result is to increase 
the frequency of antigen-specific 8 cells in the 
5 immunoglobulin repertoire, and thereby decrease the 

number of clones in an expression library that must be 
screened to identify a clone expressing an antibody of 
the desired specificity. The advantage of jLp , vjtyo 
immunisation is that human monoclonal antibodies can 
10 be generated against a limitless number of 

therapeutically valuable antigens, including toxic or 
weak immuhogens. For example, antibodies specific for 
the polymorphic determinants of tumor-associated 
antigens, rheumatoid factors, and histocompatibility 
IS antigens can be produced, which can not fee elicited In 

immunised animals* In addition,, it may fee possible to 
generate immune responses which are normally 
suppressed m«vA££* 

in vitro immunization can he used to give rise to 
20 either a primary or secondary immune response. A 
primary immune response, resulting from first time 
exposure of a S cell to an antigen, results in clonal 
expansion of epitope -specific cells and the secretion 
of IgM antibodies with low to moderate apparent 
25 affinity constants (10 & ~1Q & H* 1 } . Primary immunisation 
of human splenic and tonsillar lymphocytes in culture 
can be used to produce monoclonal antibodies against a 
variety of antigens. Including cells , peptides, 
B&cromoiaeule, haptens, and tumor-associated antigens, 
30 Memory B cells Iron immunized donors can also be 
stimulated in culture to give rise to a secondary 
immune response characterised by clonal expansion and 
the production of high affinity antibodies (>1D H '} 
of the XgS Isotype, particularly against viral 
35 antigen o\ ;lona.1 y a: Dandies i isit .-a iymphooi as 
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derived fron seropositive individuals. 

In one embodiment, peripheral blood lymphocytes 
.are depleted of various cytolytic cells that appear to 
down-modulate antigen-specific B ceil activation, 
When ly&osca&e-riah subpopulations (natural killer 
cells, cytotoxic and suppressor T cells,, monocytes) 
are first removed by treatment with the lysosomotropic 
methyl ester of leucine, the regaining cells 
{including B cells, T helper cells, accessory cells) 
respond antigen-speeif ically during in vitro 
immunisation. The lymph ok ins requirements for 
inducing antibody production in culture are satisfied 
by a culture supernatant from activated, irradiated T 
cells i. 

In addition to in vitro i?amuni sat ion , ceil 
panning (immunoaff inity absorption) can ,be used to 
further increase the frequency of antigen -specific B 
eellsu Techniques for selecting B cell subpopulations 
via solid -phase antigen binding are well established. 
Fanning conditions can be optimised to selectively 
enrich for B cells which bind with high affinity to a 
variety of antigens,, including cell surface proteins. 
Panning can be used alone,- or in combination with in 
vitro immunization to increase the frequency of 
antigen-specific cells above the levels which can be 
obtained with either technique alone. Xssmunoglobulin 
expression libraries constructed from enriched 
populations of B cells are biased in favor of antigen- 
specific antibody clones, and thus, enabling 
identification of clones with the desired 
specificities from smaller, less complex libraries. 

In one embodiment, donor peripheral blood 
lymphocytes (PSL) can be transferred into severe 
combined immunodeficiency (SCID) mice and then boosted 
lh„..Piy.l in the SCXO rise to increase the immune 



wo nmm9 



~5Q~ 

response prior to harvesting the heavy and light chain 
coding nucleic acids from the SCTD mouse's S cell*. 
Sea for example, Ducbosal et al, Nat u r e, 355; 258-262 
{ 1992 A » In that report f human FBLs from a donor who 
S had anti-tetanus toxoid (TT) titers were boosted while 
in the SCXD mouse host* m$ resulting library of 
370,000 clones yielded 2 phage particles expressing a 
surface Fab able to hind TT. 

The term "polynucleotide*' as used 
herein in reference to primers,, probes and nucleic 
acid fragments or segments to be synthesized by primer 
extension is defined as a molecule comprised of two or 
X5 laore- fieoxyribonueleotide or ritoontscleot id es , 

preferably more than 3. Its exact siaa will depend on 
many factors , which in turn depends on the ultimata 
conditions of nee, < 

The term «priner iS as used berein refers to a 
m polynucleotide whether purified from a nucleic acid 

restriction digest or produced synthetically,, which is 
capable of acting as a point of initiation of nucleic 
acM synthesis when placed under conditions in which 
synthesis of a primer extension, product which is 
2S complementary to a nucleic acid strand is induced; 

i.e., in the presence of nucleotides and an agent for 
polymerization such as DK& polymerase, reverse 
transcriptase and the like, and at a suitable 
temperature and pH> The primer is preferably single 
3 0 stranded for maximum efficiency, but may alternatively 
be in aouhie stranded tors. If double stranded,, the 
primer is first treated to separate it from its 
complementary strand before being used to prepare 
extension products. Preferably,, the primer is a 
3 5 polydeoxyr i bonuci act I ae , The primer must be 
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sufficiently long to prime the synthesis of extension 
products in the presence of the agents for 
oolysaerisation. The exact lengths of the priaers will 
depend on ray factors , including temperature and the 
source of primer. For example, depending on the 
complexity of the target sequence, a polynucleotide 
primer typically contains 15 to 33 or more, 
nucleotides, although it can contain fewer 
nucleotides. Short primer molecules generally require 
cooler temperatures to form sufficiently stable hybrid 
complexes with template. 

The primers used herein are seleeted to he 
Substantially" complementary to the different strands 
of each specific sequence to be synthesized or 
amplified, This means that the primer saust be 
sufficiently complementary to non-randomly hybridize 
with its respective template strand > Therefore, the 
primer sequence saay or isay not reflect the exact 
sequence of the template. For example,, a non- 
complementary nucleotide fragment can be attached to 
the 5* end of the primer,, with the remainder of the 
primer sequence being substantially complementary to 
the strand. Such non-complementary fragments 
typically code for an endonuciease restriction site. 
Alternatively, non-complementary bases or longer 
sequences can be interspersed into the primer 
provided the primer sequence has sufficient 
eompiementariiy with the sequence of the strand to be 
synthesized or amplified to non-random ly hybridize 
therewith and thereby form an extension product under 
polynucleotide synthesizing conditions, 

Primers of the present invention may also contain 
a DhA-dapendent PHA polymerase promoter sequence or 
its complement. See for example , Krisp et al. f Fuel . 
Acids Res. , ZZaO-SJ-HV (1BS4) ; Stndier et al. ,. J... Hoi. 



Biol . - IS 9 1 113-130 {1980}; and Molecular C*ox\%mLJk 
liberate - ^M™J4l&isIl* Mania t is et al., 

eds,» cold Spring Harbor, m flS89) . 

When a primer containing a DMA-dependent BNft 
5 polyserass promoter is 'used the primer is hybridized 

to the polynucleotide strand to be amplified and the 
second polynucleotide strand of the PHA~dependent WA 
polymerase promoter is completed using an inducing 
agent such as £♦ coll 0HA polymerase I, or the Xlenow 
10 fragment of S, ...coli dna polymerase- The starting 

polynucleotide is amplified by alternating between th« ; 
production of an RMA polynucleotide and BMA 
polynucleotide . 

Primers may also centals a template sequence or 
15 replication initiation site for a BHA~direeted fna 
polymerase. Typical BPA~directed m& polymerase 
include the QS replicase described fey Lisardi et «X* , 
Biotechnology, 6:1X87-1202 (X&8*)U SNA-directed 
polymerases produce large numbers of mh strands from 
SO a small suBfoer of template Wh strands that contain a 
template sequence or replication initiation site, 
irhese polymerases typically give a one million^foXS 
amplification of the template strand as has been 
described by Kramer et al» # J. Hoi «. Siol - , 69 r? IS -73 6 
25 (1974) » 

The polynucleotide primers can be prepared using 
any suitable method, such as f for exasaple, the 
phosphotri aster or phosphodieeter methods see Karang 
et al., Math. Bnzvmol, , €8.; SO, {1979}; U.S. Patent m, 
30 4 , 3 S 6 1 2 ? 0 ; and Brown et si. , Mesh. £n:vnc;l, , 6 8 ; 10 9 f 

{ IS 7 9 } . 

The choice of a. primer ' s nucleotide sequence 
depends on factors sues ss the distance on the nucleic 
acid frois the region coding for the desired receptor, 
35 its hybridisation site on the mucleic acid relative to 
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any second primer to be used, the number of genes in 
the repertoire it is to hybridise to, aM the like, 
a. 



¥,( and V t gene repertoires can be 
separately prepared prior to their utilization in the 



typically accomplished by primer extension, preferably 
by primer extension in a polymerase chain reaction 
(PGR) format. 

To produce a repertoire of v 8 ~c©ding DHA homo loos 
by primer extension , the nucleotide sequence of a 
primer is selected to hybridise with a plurality of 
immunoglobulin heavy chain genes at a site 
substantially adjacent to the V K ~e©ding region so that 
a nucleotide sequence coding for a functional (capable 
of binding) polypeptide is obtained, to hybridize to 
a plurality of different V^co&ing nuclei o acid 
strands , the prim* suet he a substantial complement 
of a nucleotide sequence conserved among the different 
strands. Such sites include nucleotide sequences in 
the constant region, any of the variable region 
ttmmoxk regions, preferably the third framework 
region, leader region, promoter region, J region and 
the like. 

If the repertoires of V^-eoding and V—coding DNA 
homoiogs are to be produced by (2>CR) amplification, 
two primers, i.e., a PCR primer pair, must be used for 
each coding strand of nucleic acid to be amplified. 
The first primer becomes part of the nonsense (minus 
or complementary) strand and hybridizes to a 
nucleotide sequence conserved among V g {plus or 
coding} strands mi thin the repertoire. To produce v H 
coding SKA horologe, first primers ere therefore 
chosen to hybridise to (i.e. he complementary to) 
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conserved regions within the J region, CHI region,, 
hinge region, CH2 region, or CHS region of 
immunoglobulin genes and. the life. To produce a \ 
coding Dm homoleg, first primers are chosen to 
k hybridise wi-fch (i.e* be complementary to) a conserved 
region within the J region or constant region of 
immunoglobulin light chairs genes and the like. Second 
primers become part of the coding (pins) strand and 
hybridize to a nucleotide sequence conserved among 
10 minus strands. To produce the v N ~ coding DNA homo logs, 
second primers are therefore chosen to hybridise with 
a conserved nucleotide sequence at the 5 * end of the 
v H ~coding immunoglobulin gene such as in that area 
coding for the leader or first framework region. It 
IS should be noted that in the amplification of both V r 
and ¥ t -coding XWK homoXogs the conserved 5 * nucleotide 
sequence of the second primer can be complementary to 
a sequence exoganousXy added using terminal 
dsojjynueXaotidyX transferase as described by Loh at 
20 al. f Science, (XS«9) . One or both of the 

first and second primers can contain a nucleotide 
sequence defining an endonnclease recognition site. 
The site can be heterologous to the immunoglobulin 
gene being amplified and typically appears at or near 
25 the 5* end of the primer. 

When present, the restriction site-defining 
portion is typically located in a 5 < -terminal non- 
priming portion of the primer. 'The restriction site 
defined by the first primer is typically chosen to be 
•30 one recognised by a restriction enzyme that does not 
recognize the restriction site defined by the second 
primer, the objective being to be able to produce a 
DN& molecule having cohesive termini that are non~ 
cocpienontary to each other and thus allow directional 
35 insertion into a vector . 
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In one embodiment, the present invention utilises 
a set of polynucleotides that form primers having a 
pr rising region located at the 3 * -terminus of the 
primer. The pricing region is typically the 3 * -most 
.5 (3 * -terminal) IS to 3 o ■nucleotide bases. The 3«~ 

terminal pricing portion of each primer is capable of 
acting as a primer to catalyse nucleic acid synthesis,, 
i.e., initiate a primer extension reaction off its 3' 
terminus. One or both of the primers can additionally 
10 contain a S ! -terminal {5 "-most} non-priming portion,. 
i»e*, a region that does not participate, in 
hybridisation to repertoire template. 

In PCB r each primer works in combination with a 
second priaer to amplify a target nucleic acid 
10 sequence. £he choice of PGR primer pairs for use in 
. PCS is governed by considerations as discussed herein 
for producing gene repertoires. That is, the primers 
have a nucleotide sequence that is cess ry to a 

sequence conserved in the repertoire, Useful 7 K and 
SO % pricing seg-uences are shown in Tables 5 end f , 
herein below, 

4 * El-V 1_. ; e.Chaln.,Seacticn to Produce 
j&g&e....Bepertpires 
25 The strategy used for cloning the V 8 

and \\ genes contained within a repertoire will, 
depend, as is well known in the art, on the type, 
complexity, and purity of the nucleic acids making up 
• ' the repertoire, other factors include whether or not 
30 the genes are contained in one or a. plurality of 
repertoires and whether or not they are to be 
) . N d or mnt 

The V K ~ and Vj~eoding gene repertoires are 
comprised of polynucleotide coding strands, such as 
3S rolNA and /or the sense strand of genomic If the 
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rape.rto.ire. is in the for®, of double stranded genomic 
DNA, it is usually first denatured, typically my 
melting, into single strands, A repertoire is 
subjected to a PCR reaction by treating | contacting) 
5 the" repertoire with a PCR primer pair, each member of 
this pair having a preselected nucleotide seguence. 
The PCE primer pair is capable of initiating primer 
extension reactions by hybridising to nucleotide 
sequences f .preferably at least about 10 nucleotides in 
10 length and more preferably at least about 20 
nucleotides in length, conserved within the 
repertoire. The first primer of a PCR primer pair is 
sometimes referred to herein as the "sense primer" 
because it .hybridizes to the coding or sense strand of 
15 a nucleic acid. In addition, the second primer of a 

PCR primer pair is sometimes referred to herein as the 
«anti~ssnse. primer" because it hybridizes to a nan* 
coding or anti-sense strand of a nucleic acid, i.e. , a 
strand complementary to a coding strand. 
20 The PCR reaction is performed by mixing the PCR 

primer pair, preferably a predetermined amount 
thereof, with the nucleic acids of the repertoire, 
preferably a predetermined amount thereof,, in a PCS? 
buffer to form a PCR reaction admixture. The 
25 admixture is maintained under polynucleotide 

synthesizing conditions for a time period, which is 
typically predetermined, sufficient for the formation 
of a PCE reaction product, thereby producing a 
plurality of different v 8 -coding and/ or \~coding DHA 
30 homo logs, 

A plurality of first primer and/ or a plurality of 
second primers can. be used in each amplification, 
e.g., one species of first primer can be paired with a 
number of different second primers to form several 
35 different prisusr pairs. Alternatively, an individual 
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pair of first and second priors can be used. In any 
case, the amplification products of amplifications 
using the saate or different combinations of first: ana 
second primers can foe combined to increase the 
S diversity of the gene library.. 

Xn another strategy,, the. object is to clone the 
V B ~ and/ or V L ~coding genes from a repertoire by 
providing a polynucleotide complement of the 
repertoire, such as the ahti-sense strand of genomic 
10 dsDKA or the polynucleotide produced by subjecting 

mK24A to a reverse transcriptase reaction- Methods for 
pro:;uo;?y, such are well known in the art. 

The PGR reaction is performed using any suitable 
method. Generally it occurs in a buffered aqueous 
IS solution,, i.e., a PCS. buffer , preferably at a pH of ?~ 
% most preferably about 3. Preferably, a molar 
excess (for genomic nucleic acid, usually about 10*;1 
SriiRfer: template) of the primer is admixed to the 
buffer containing the template strand. A large molar 
20 excess is preferred to improve the efficiency of the 
process . 

th% buffer also contains the deeryribo- 
nueleotioe triphosphates dATP, deyp, dGTP, and dTTP 
and a polymerase, typically thermostable t all in 

25 adequate, amounts for primer extension (polynucleotide 
synthesis) reaction. The resulting solution (PCK 
admixture) is heated to about §o*C - 100»C for about l 
to 10 minutes , preferably from x to 4 minutes* After 
this heating period the solution is allowed to cool to 

3 0 54«C f which is preferable for prinsr hybridisation. 
The synthesis reaction nay occur at fro® room 
temperature up to a temperature above which the 
polymerase ( inducing agent) no longer functions 
efficiently. Thus , for example f if DNA polymerase is 

3S used as inducing agent, the temperature is generally 
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.no greater than about An exemplary PCR buffer 

comprises the following: 50 sM KCl; 10 mK Tris-HCl; 
pH 8.3; 1-5 mK MgCXj? 0.001% (wt/vol) gelatin, 200 M K 
d?>.TP; 200 m OTP; 200 m» <*c*F? 200 mH dGTP; and 2.5 
5 units ^x^:^J^^tl£S& ONA polymerase I (U.S. Patent 
So, 4 f S89,813) per 100 microliters of buffer. 

The inducing agent may fee any compound or system 
which will function to accomplish the synthesis of 
primer extension products , including enzymes. 
10 Suitable enzymes for this purpose include, for 

example,, S. col l DHA polymerase x, Klenow fragment of 
E. coll t®A polymerase I, T4 DHA polymerase , other 
available DHA polymerases, reverse transcriptase, and 
other enzymes, including heat-stable enzymes, which 
15 win facilitate combination of the nucleotides in the 
proper manner to form the primer extension products 
which axe complementary to each nucleic acid strand. 
Generally, the synthesis will be initiated at the 3 ' 
end of each priser and proceed in the 5 » direction 
20 along the template strand, until synthesis terminates, 
producing molecules of different lengths. There may 
be inducing agents, however, which initiate synthesis 
at the 5 s end and proceed in the above direction, 
using the same process as described above. 
25 The inducing agent also may be a compound or 

system which will function to accomplish the synthesis 
of RNA primer extension products, including enzymes* 
In preferred embodiments, the inducing agent may be a 
Dm~depenaent KHA polymerase such as T7 EPA 
30 polymerase, T3 KNA polymerase or SP6 BNA polymerase. 
These polymerases produce a complementary SNA 
polynucleoti.de. The high turn over rate of the BNA 
polymerase amplifies the starting polynucleotide as 
has been d ascribed by Chamber I in at m^^mZM, 
35 ed. P. Soyer, PP. 87-108, Academic Press,, Hew York 



wo n/m&n 



pot/vsnmrni 



(1982) . Another advantage of T7 mi A polymerase is 
that mutations can be introduced into the 
polynucleotide synthesis by replacing a portion of 
CDMA with one or snore mutagenic oligo&eoxynucleotides 
5 (polynucleotides} and transcribing the partially- 

mismatched template directly as has been previously 
described by Joyce et al., mc. Acid Res, . l???xi~?22 
(1SS9) . Amplifieat ion systems based on transcription 
have been described by Ginger as et &X» , in 3>CR 

1° E* ?1.J ; " v 1 _y 

243-252, Academic Press, Inc., San Diego, CA (19$$>) , 

If the inducing agent is a DKA-depend ant UNA 
polymerase and therefore Incorporates ribonucleotide 
triphosphates, sufficient amounts of ATP t cxp* GTP and 
15 VW are admixed to the primer extension reaction 

admixture and the resulting solution is treated as 
described above, 

The newly synthesized strand and its 
complementary nucleic acid strand form a double- 
20 stranded molecule vhicfe can be used in the succeeding 
steps of the process. 

The first and/or second PGR reactions discussed 
above can advantageously be used to incorporate into 
the receptor a preselected epitope useful in 
25 immunologically detecting and/or isolating a receptor. 
This is accomplished by utilising a first and/or 
second polynucleotide synthesis primer or expression 
vector to incorporate a predetermined amino acid 
residue seguenee into the amino acid residue sequence 
30 of the receptor. 

After producing %~ and V t ~coding DMA homologs 
for a plurality of different V,™ and \\~coding genes 
within the repertoires, the DNA molecules are 
typically further amplified, While the DPA molecules 
3S can be amplified by classic techniques such as 
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incorporation into an autonomously replicating vector, 
it is preferred to first amplify the aolecules by 
subjecting them to a polymerase chain reaction (PCR) 
prior to inserting the» into a vector, PCR is 
typically carried out by thermoey cling i.e., 
repeatedly increasing and decreasing the temperature 
of a PCSt reaction admixture within a temperature range 
whose lower limit is about X0*C to about 40*C and 
whose upper limit is about 90»C to about XGD»C. The 
10 increasing' and decreasing can foe continuous, but is 
preferably phasic with time periods of relative 
temperature stability at each of temperatures favoring 
polynucleotide synthesis, denatnration and 
hybridisation . 

IS PCR amplification methods are described in detail 

In U.S. Patent NOS. 4,683,195* 4, #83/202* 4,800,159, 
and 4,SS5,18S, end at least in several texts including 
"PGR Technology? Principles and Applications for PNA 
Aaplif ication* , K. Brlic.h f ed,, stoefcton Press, Hew 

20 York (198S) ? and "PCS Protocols; A Guide to Methods 
and Applications 5 ', Xnnis at a.L . ( eds . , Academic Press > 
San Piego, California (1990) , 

In preferred embodiments only one pair of first 
and second primers is used per amplification reaction. 

25 The amplification reaction products obtained from a 
plurality of different amplifications, each using a 
plurality of different primer pairs , are then 
com.bi.ned . 

However, the present invention also contemplates. 
3D DNA hom.oi.og production via co-amplification (using two 
pairs rims , ficati 

up to about 8, 9 or 10 primer pairs). 

in preferred embodiments, the PCS process is used 
not only to produce a library of DNA molecules, but 
35 also to induce mutations within the library or to 
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create diversity from a single parental clone aisd 
thereby provide a library having a greater 
heterogeneity. First, it should be noted that the PCE 
process itself is inherently mutagenic due to & 
variety of factors well Jcnown in the art. Second, in 
addition to the 5T.ur.atio?-; inducing variation;;: described 
in the above referenced O.s, Patent Ho, 4,.6§3,193, 
other mutation inducing PCR variations can he 
employed. For example, the PCR reaction admixture, 
can be forced with different amounts of one or more of 
the nucleotides to be incorporated into the extension 
product. Under such conditions , the; PCR reaction 
proceeds to produce nucleotide substitutions within 
the extension product as a result of the scarcity of a 
particular base, Similarly,- approximate ly equal ssolar 
amounts of the nucleotides can he incorporated into 
the initial PCR reaction admixture in an amount to 
efficiently perform X number of cycles, and then 
cycling' the admixture through a number of cycles in 
excess of X, such as, for instance, 2X1. 
Alternatively, mutations: can he induced during the PCR 
reaction by incorporating into the reaction admixture 
nucleotide derivatives such as inoaine, not normally 
found in the nucleic acids of the repertoire being 
amplified. During subsequent in vivo DHA synthesis 
and replication of the nucleic acids in a host ceil, 
the nucleotide derivative will be replaced vitb. a 
substitute nucleotide thereby inducing a point 
mutation. 





A - v x ^ .on vecuor for usr tic 
method of the invention for producing a library of DNA 
■uoiecuies is a linearized DHA molecule as described 
before having tve uj rtrsas nd down treas eoh <. 
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termini adapted for directional ligation to a 
polypeptide gene, 

& linear DN.« expression vector is typically 
prepared by restriction andonucieasa digestion of & 
S circular DNA expression vector of this invention to 
cut at two preselected restrict ion sites vithin the 
sequence of nucleotides of the vector adapted for 
directional ligation to produce a linear m&. isoXecule 
having the required cohesive terrain! that are adapted 

10 for direction ligation. Directional ligation refers 
to the presence of two (a first and second) cohesive 
termini on a vector, or on the insert mk molecule to 
be Xigated into the vector selected, so that the 
termini on a single molecule are not complementary, % 

IS first terminus of the vector is complementary to a 

first terminus of the insert, and the second terminus 
of the vector is complementary to the second terminus 
of the insert . 

£0 s. : -a 'He** 

Librari es 

In preparing a library of tMA molecules 
of this invention, a ligation admixture is prepared as 
describe*! above* and the admixture is subjected to 
25 ligation conditions for a time period sufficient for 

the admixed repertoire of polypeptide genes to ligate 
(become operatively linked) to the plurality of mk 
expression vectors to form the library. 

Ligation conditions are conditions selected to 
3D favor a ligation reaction wherein a phosphoaiester 

bond is formed between adjacent 3 s hydroxy! and 5* 
phosporyl termini of DKA. The ligation reaction is 
preferably catalysed by the ensyme T4 DNS ligase, 
Ligation conditions can vary in firs, temperature, 
35 concentration of buffers, quantities of WJk molecules 



WO 93/18619 



PCT/US92/ft3Q9] 



-63- 

to be ligated, and amounts of Xigase f as is well 
known » Preferred ligation conditions? involve 
maintaining the ligation admixture at 4 degrees 
Centigrade (4*C) to 12 *C for i to 24 hours in the 
5 presence of 1 to 10 units of T4 DNA iigsse per 

milliliter (ml) and about 1 to 2 micrograms (ug) of 
m&. Ligation buffer in a ligation admixture 
typically contains 0..5 M Trxs-HCI (pH 7.4) t 0.01 H 
MgClg, 0.01 M dithiothrietol, 1 m spermidine, 1 so* 
10 ATP and 0 . 1 ng/ml bovine serum albumin CBS A) . Other 
ligation buffers can also he used* 

Exemplary ligation reactions are described in 
Example 2. 



in a particularly' preferred embodiment, 
the present invention contemplates methods for the 
preparation of a library of dieistronic DMA molecules, 
& dieistronic tfttA. molecule is a single Dim molecule 
having tbe capacity to express two separate 
polypeptides from : two separate cistrons. In preferred 
embodiments,, the two cistxons are opsratively linked 
at relative locations on the 

OHA molecule such that both cistrons are under the 
transcriptional control of a single promoter. Each 
dieistronic molecule is capable of expressing first 
and second polypeptides from first and second 
cistrons, respectively, that can forsa, in a suitable 
host, a heterof inoric receptor on the surface of a 
filamentous phage particle, 

The method for producing a library of dieistronic 
Dh r A molecules comprises the steps of; 

£&)■ Forming a first ligation admixture 
by combining in a ligation bur for; 
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(i) a repertoire- of first 
polypeptide genes in the form of dsDSA, each having 
cohesive termini adapted for directional ligation, and 

(ii) a plurality of DNA expression 
5 vectors in linear form f each having upstream and 

downstream first cohesive termini that are, (a) adapted 
for aireetionally receiving the first polypeptide 
genes in a common reading frame, and {»} operative ly 
linked to respective upstream and downstream 
10 translatable DNA. s&guances. The upstream translatable 

m& sequence encodes a pelB secretion signal., the 
downstream translatable DNA sequence encodes a 
filamentous phage coat protein membrane anchor, and 
translatable DEA sequences are opera tiveiy linked to 
15 respective upstream and downstream ukk expression 
control sequences * 

(h) Subjecting the admixture to 
ligation conditions for a time period sufficient to 
©paratively linJc the first polypeptide genes to the 
20 vectors and produce a plurality of circular m& 

molecules each, having- a first cistron for expressing 
the first polypeptide* 

(c) Treating the plurality of circular 
DNA molecules under DHA cleavage conditions to produce 
25 a plurality of DNA expression vectors in linear form 

that each have upstream and downstream second cohesive 
termini that are (i) ad&ptad for direction-ally 
receiving a repertoire of second polypeptide genes in 
a common reading frame, and (ii) operative ly linked to 
3 0 respective upstream and downstream DNA sequences. The 

upstream DNA sequence is a translatable sequence 
encoding a secretion signal/ the downstream DNA 
sequence has at least one stop codon in the reading 
frame, and the translatable DNA sequence is 
35 operative ly linked to a DNA expression control 



jd-j Porsiing a second ligation 
a&sixtur® by combining in & ligation buffer; 

(1) the plurality of DNA 
expression vectors formed in step (c) , and 

(.11) the repertoire of . second 
polypeptide genes in the forss of dsDKA, each having 
cohesive termini adapted for directional ligation to 
the plurality of DNA expression vectors; end 

(e) subjecting the second admixture to 
ligation conditions for a time period sufficient to 
operatively link the second polypeptide genes to said 
vectors and produce a plurality of circular SNA 
molecules each having the second cistrcr, for 
expressing the second polypeptide, thereby forming the 
library, 

Zn preferred embodiments a secretion signal is a 
pelB secretion signal. Also preferred is the use of a 
filamentous phage »esabra»e anchor that is derived from 
colli or epvTIl as described herein. 

DMA expression vectors useful for practicing the 
above method are the dicistronic expression vectors 
described in greater detail before. 

In practicing the method of producing a library 
of dicistronic DNA molecules, it is preferred that the 
upstream ana downstream first cohesive termini do not 
have the same nucleotide sequences as the upstream and 
downstream second cohesive termini, in this 
embodiment,, the treating step (c) to linearize the 
circular DMA molecules typically involves the use of 
restriction sndonucisases that are specific for 
producing said second termini, but do not cleave the 
circular DNA molecule at the sites that formed the 
first termini. Exemplary and preferred first and 
second termini are the termini defined by cleavage of 
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pCBAKS with Xho 1 and Spe I to for® the upstream and 
downstream first termini, and defined by cleavage of 
pCBAXs with Sac I and xba X to form tha upstream and 
downstream second termini. Jxi. this embodiment, other 
pairs of cohesive termini can me utilised at the 
respective pairs of first and second termini, so long 
as the four termini are each distinct, non™ 
complementary- termini, Exemplary are the termini 
found on the vectors pC0MB3, pCOMB2~3, pC0M82~3*, 
pCQHBS and pCOMB2~a described .herein. 

Methods of treating the plurality of circular DNA 
molecules under DNA cleavage conditions to form linear 
m& molecules are generally well known and depend on 
the nucleotide sequence to he cleaved and the 
mechanism for cleavage. Preferred treatments involve 
admixing the DKA molecules with a restriction 
endonucleasa specific for a endonuclease recognition 
site at the desired cleavage location in an amount 
sufficient for the restriction endonuclease to cleave 
the Wk molecule. Buffers, cleavage conditions, and 
substrate concentrations for restriction endonuclease 
cleavage are well known and depend on the particular 
ensyme utilized. Exemplary restriction enzyme 
cleavage conditions are described in Example. 2 , 

In a related embodiment, the invention provides a 
method for producing a library of DWk molecules having 
a single cietron, following the method described 
previously and stopping after completing step (b) ♦ 
Such a library contains DNA molecules each comprising 
a cistron for expressing a polypeptide of this 
invention. 

§ . Methods,, for ... Cheng j;no,„^ 

The present invention provides methods 



for changing the. diversity of a library of filamentous 
phage library of this invention. 'These methods 
generally increase the diversity of the library, 
thereby increasing the pool or possible epitope- 
binding complexes from which to screen for a desired 
binding activity. Alternatively, the aethods can be 
directed at enriching for a class of epitope -binding 
complexes, The class is typically defined .by the 
ability to bind a particular epitope of family of ■ 
epitopes present on a preselected antigen or group of 
antigens. 

Il>cXgasing,j,ibrjry Dlversity_by 
Mutation 

A particularly preferred method 
for increasing diversity Is to alter the amino acid 
residue sequence of one or more polypeptides of the 
apitope-binding complex encoded by the genome of a 
phage of this invention. Alterations can foe 
conveniently introduced at the nucleic acid level by 
mutation of the nucleic acid. The method can be 
practiced on a single species of nucleic acid coding a 
polypeptide of this invention, or can foe practiced cn 
a library of nucleic ■ acids present in a library of 
phage of this invention. 

Mutation of nucleic acid can be conducted by a 
variety of means , but is most conveniently conducted 
m a PGR reaction during a PCR process of the present 
invention. FOR nutsgenesis can be random or directed 
to specific nucleotide sequences, as is generally well 
known. Conducting FOR under conditions favorable to 
random mutagenesis has bean described previously, and 
is referred to as "error prone PCR". Similarly, 
directed mutagenesis involves the use of PCR primers 
designed to target a specific type of mutation into a 
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specific region of nucleotide sequence- 

Xn one embodiment,, the invention contemplates 
increasing diversity of one or more apitope-bindinsf 
cossplexes toy PCR-direeted mutation of a 
5 ss^plementarity determining region (CDR) of en 

antibody variable dois&ib present in an epi tope-binding 
complex polypeptide of this invention. CDR 
mutagenesis has been previously described In general 
terms for "humanizing" an antibody by introducing 
10 human sequences into the CDR region of a murine 

antibody, See European Application STcu BP 239400. 

Thus the invention contemplates a .mutagenesis 
sse-thod for altering the immunological specificity of a 
cloned immunoglobulin gene present in a DHA vector of 
IS this invention. The method provides directed 

mutagenesis in a preselected CDR of an immunoglobulin 
gene which comprises subjecting a recombinant DHA 
molecule (rm&) containing the cloned Immunoglobulin 
gene having a target CDR to PCR conditions suitable 
SO for amplifying a preselected region of the CDR. In 
the method, the rDKiv molecule is subjected to PCR 
conditions that include a PCR primer oligonucleotide 
as described below constituting the first primer in a 
PCR primer pair as is well known to produce an 
25 amplified PCR product that is derived from the 
preselected CDR region but that includes the 
nucleotide sequences of the PCR primer. The second 
oligonucleotide in the PCR amplifying conditions can 
toe any PCR primer derived from the immunoglobulin gene 
38 tc be mutagen! zed, as described herein. 

Preferred are methods using an oligonucleotide of 
this invention as described below. 

in a related embodiment,, therefore* an 
oligonucleotide is contemplated that is useful as a 
35 primer in a polymerase chain reaction (PCR} for 
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inducing mutagenesis in a complementarity determining 
region (CDR) of an isapmoglobui in gene. The 
oligonucleotide has 3* and 5* termini and comprises 
(1) a nucleotide s@quf.nce at its 3 * terminus capable 
S of hybridising to a first framework region of an 

.immunoglobulin gene,, (2) a nucleotide sequence at its 
5* terminus capable of hybridising to a second 
framework region of an immunoglobulin gene, and (3) a 
nucleotide sequence between the 3 ? and 5 f termini 
10 adapted for introducing mutations during a PCR into 

the CDR region between the first and second framework 
regions of the immunoglobulin gene, thereby 
But agonising' the CDR region. 

Insofar as immunoglobulin genes have three CDR 
15 regions on both the heavy chain and the light chain Of 

an immunoglobulin, each separated by s distinctive 
framework region, it is to be understood that the 
above eacaaple is readily applicable to introducing 
mutations into a specific CDR by selection of the 
20 above- 5' and; 3« nucleotide sequences as to hybridize 
to the framework regions flanking the targeted cok, 
Tims the above first and second framework sequences 
can be the conserved sequences flanking CDR!, CDR2 or 
CDR3 on either the heavy or light chain. Exemplary 
25 and preferred is the C0R3 of the human immunoglobulin 

heavy chain. 

The length of the 3 5 and 5 s terminal nucleotide 
sequences of a subject mutagen!*; ing oligonucleotide 
can vary in length as is well known , so long as the 

3 0 length provides a stretch of nucleotides complementary 
to the target framework sequences as to hybridise 
thereto. In the case of the 3' terminal nucleotide 
sequence, it must be of sufficient length and 
complementarity to the target framework region located 

3 5 3 * to the CD? region to be mutagen! sea as to hybridise 
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and provide a 3 s hydroxy 1 terminus for initiating a 
primer extension reaction, In the ease of the 5< 
tarsal .nucleotide sequence, it ^ust h* of sufficient 
Isnath and complementarity to the target fr^evork 
region located 5« to the CDR region to be «utageni*ed 
as "to provide a means for hybridising in a. PCS overlap 
extension reaction as described above to assemble the 
complete iaanunoglotoulin heavy or light chain - 

Framework regions flanking a CDR are well 
characterised in the immunological arts, and include 
known nucleotide sequences or consensus sequences as 
described elsewhere herein. Where a single, 
preselected immunoglobulin gene is to be mutagenised, 
the framework-defined sequences flanking a particular 
CDR are known, or can be readily determined toy 
nucleotide sequencing protocols. Where a repertoire 
of immunoglobulin genes are to toe mutagenised, the 
framework-derived sequences are preferably conserved, 
as described elsewhere herein. 

Preferably, the length of the 3 f and 5 * terminal 
nucleotide sequences are each at least 6 nucleotides 
in length, and can be up to 50 or more nucleotides in 
length, although these lengths arc unnecessary to 
assure accurate and reproducible hybridisation. 
Preferred are lengths in the range of 12 to 30 
nucleotides, and typically are about 18 nucleotides * 

A particularly preferred f "rajsevork-def ined 
nucleotide sequence for use as a 3' terminns 
.nucleotide sequence has the nucleotide sequence S *~ 
TGGGGCCAAGGGACCACK-S ; {SBQ ID NO 122). 

A particularly preferred framework-defined 

GTSTAxTAxTGTGCGAGA-3 ' (SEQ ID NO 123), 

The nucleotide sequence located between the 3 ! 
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and S< termini adapted for mutaganizing a CDR can be 
ajjy nucleotide, sequence, insofar as the novel sequence 
will fee incorporated fey the above methods. However, 
the present approach provides a means to produce a 
S large papulation of mutagenized CDE * s in a single PCE 
reaction by the use ox a population of redundant 
sequences defining randomised or nearly randomised 
nucleotides in the CDR region to be mutagenised. 
A preferred oligonucleotide comprises a 

10 nucleotide sequence between the above described 3 s and 
S» termini that is represented fey the formula; 
t wherein K can independently be any 
nucleotide, R can fee $, K or analogs thereof , where s 
is O or Cj K is G or T, and where n is from 3 to about 

15 24. In preferred embodiments, the oligonucleotide has 
the formula t 

5 » -STGTOTATTGTCCGACA £ KHR] n TSGGGCCAAGGGACC^CG-3 f ( S £Q 
IS np 124) . 

Exemplary and particularly preferred is the 
20 oligonucleotide where E is s and n is 16, such that 

the oligonucleotides represents a large population of 

redundant oligonucleotide sequences* 

Thus, the invention contemplates a method for 

increasing the diversity of a library of filamentous 
2S phage particles comprising the steps of; a) providing 

a literary of filamentous phage particles according to 

the present invention, and to) mutating the 

immunoglobulin variable domain-coding nucleotide 

sequence present in each DKA expression vector in the 
30 library to form a library of phage particles each 

containing a nutated immunoglobulin variable domain 

nucieot i da s • a u snc - 

The providing can include manipulating the 

genomes of the phage particles in the library in order 
35 to isolate the nucleic acids in preparation for a 
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mutagenic ing PCR reaction. Manipulations of a phage 
library to isolate the phage genome, for use in a pat 
reaction is describe elsewhere Herein. 

In one embodiment., the Mutating comprises 
subjecting the immunoglobulin variable domain-coding 
nucleotide sequence to an error-prone polymerase chain 
reaction. In another embodiment, the mutating 
comprises subjecting the immunoglobulin variable 
domain-coding nucleotide sequence to a method for 
mutating a CPS of the immunoglobulin variable domain- 
coding nucleotide sequence using a CBR-dir acted 
oligonucleotide as described herein. 

Exemplary methods of mutating the CDR region of a 
particular epitopa-binding complex coding nucleic acid 
using the above CDE-directing oligonucleotide or using 
exror-prons FC& to produce a large library of diverse 
complexes is described in the Examples, 

The invention describes a method to 
change the diversity of the library by enriching the 
library for a preselected class of cpitope-binding 
complexes. The process generally involves affinity 
selection of those phage particles in a library that 
are capable of binding a preselected antigen. The 
process of affinity selection,, or panning, is 
described in detail in the Examples. 

Thus the invention contemplates a method for 
changing the diversity of a library of filamentous 
phage particles comprising the steps of a) providing a 
librarj oi £1.1 ssentous phage particles according to 
the present invention, b) contacting the provided 
library with a preselected iigand under conditions 
sufficient lor members of the library to bind to the 
iigand and form a ligand-phage particle complex, and 
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c) Isolating phage particles in the complex away from 
non-bound library members to form a Xigand-anriehad 
library comprising phage particles having binding 
specificity for the preselected Uganda 
5 in preferred embodiments , the preselected ligand 

is affixed to a. solid support, and the Xigand-pbage 
particle- complex- is formed in the solid phase. This 
embodiment further comprises the steps of I) washing 
the solid support after the contacting step to rinse 
10 non-bound library members from the solid support; and 
ii) eXuting any solid-phase bound phage particles off 
of the solid support. The eiuted phage particles are 
collected, thereby forming isolated phage particles 
that comprise an enriched library, 
IS Blution can be conducted under a variety of 

conditions that disrupt the ligand -epi tope-binding 
complex Interaction. Typical conditions include high 
salt or low p& buffers. Particularly preferred are 
buffers of about pH 1 to 5, preferably about pK 2 to 
20 3. Alternatively , the interaction can be disrupted by 
competition with aft access amount of the preselected 
ligand in the elution buffer. Both slut ion procedures 
are described In the Examples. 

A related embodiment combines the features of 
25 both increasing diversity of a library by mutation and 
enriching the library by panning to "mature" epitope- 
hlnding complex affinities for a preselected ligand, 
T&iifc it is possible to evolve new binding 
specificities, and more potent binding specificities, 
30 using the present methods for changing library 
diversity. 

The combination of these methods can be 
configured in a variety of ways,, as will be apparent 
to a skilled practitioner. For example, one can 
35 isolate a library, mutagenics (diversify) , and then 
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screen ( enrich) for a particular binding activity. 
Alternatively,, one can enrich for a particular 
activity free a library, mutagenic the specific 
epitope-binding coxptex and further enrich the library 
5 produced by the mutagenesis, 

In another permutation on this these,, one can 
utilise the differences between libraries based on 
eplll- and cpVIIX-derived membrane anchors due to 
their inherent differences in valency, Because a 
10 library of phage having the cpXXMerived membrane 
anchor will typically contain only I to 4 copies of 
the epitope-blnding complex on the surface of each 
phage particle, the phage presents a binding complex 
of relatively "low" valency, approaching one. In 
IS contrast, a library of phage having a cpVI II -derived 
membrane anchor will typically contain 20 to 1000 
copies of the epitops-binding complex on the surface 
of each phage particle/ the particle presents a 
relatively "high" valency, Thus, epIII-hased 
20 libraries are referred to as monovalent and cpVIXI- 
fe&sed libraries are referred to as multivalent. 

Applying the wellnfcnown principles of antibody 
affinity and valence, it is understood that a cpXXX- 
based library can .be enriched upon screening f or 
25 generally higher affinity binding interactions 

(binding constants of 10* to 1&* U' % ) as compared to 
the broader range of affinities (binding constants of 
10* to X0* H*'} isolatahle using a multivalent reagent 
found in the cpVXXI-hased library. Therefore, a 
30 cpVXXX-basad library is useful to isolate a broad 

range of affinities of epitope-binding complexes from 
low to high, whereas a cpITI-based library is useful 
to isolate a narrower range of higher affinity 
epitope-binding complexes . 
35 Thus the invention contemplates producing a first 
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enriched library by enrichment of a epYXIX-based 
library. Thereafter the genes for encoding the 
apitope-binding complex polypeptides are transferred 
into a cpXXX-based vector, and subsequently enriched 
5 for a high affinity binding interaction. In one 

embodiment, a sanitation step can be utilised prior to 
the transfer into the epXXX-based vector. 

In another embodiment, the ability to mature a 
novel affinity is shewn by an example herein in which 
10 a cloned V../V L heterodimer-coding gene capable of 

expressing a hetarodimsr that binds the ligand tetanus 
toxoid (TT) is jautagenized. using CDR-directad pep 
mutagenesis, and the mutagen ized nucleic acid 
population resulting therefrom is inserted into a 
IS epXXX-based library ana screened for binding to a 

different ligand, fluorescein, k high affinity 
epitope~.bind.ing complex was identified that binds 
fluorescein. 

In a related, embodiment, a naive Cmon-dmssunized) 
£0 library ms cloned into a epVTIX-based library and 

screened for binding to the antigen progesterone. Low 
affinity binders were cloned into a cpiii-basad 
library , and three high affinity binding clones 
identified that bind progesterone. The three clones 

2S were pooled, and the pool was subjected to error-prone 

PCE mutagenesis, and the resulting library of mutated 
nucleic acids were cloned into a eplIX-based vector 
and screened against progesterone to yield a high 
affinity epitopa-binding complex that hinds 

30 progesterone. Thus a high affinity complex was 

Matured" from a naive library. 

Thus, the present invention also contemplates a 
method for maturing the affinity of an epitope~b.in.ding 
complex encoded by a f llamas- ens phage of this 

35 invention comprising the steps of a) providing the 
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qanoma of a filamentous phage, b ) mutating the 
immunoglobulin variable domain-coding nucleotide 
sequence present in the provided genome to form a 
library of phage particles containing a rotated 
5 immunoglohin variable domain nucleotide sequence, c) 
contacting the library formed in step (b) -with a 
uraselected ligand under conditions sufficient for 
members of the library to bind to the ligand and form 
a ligand-phage particle complex , and d) isolating 
10 phage particles in said complex away from non-bound 
library members to form a ligand -enriched library 
comprising phage particles having binding specificity 
for the preselected ligand. 

IS f\ Pha.?s afcrayj&S 

The present invention contemplates a library 
of DNA molecules that each encode a fusion polypeptide 
of this invention where the library is in the fons of 
a population of different filamentous phage particles 

20 each containing a different rDNA molecule of this 

invention. By different rDNA molecule is »eant a rDNA 
molecule differing in nucleotide base sequence 
encoding a polypeptide of this invention when compared 
in nucleotide sequence to another rDNA molecule in the 

25 library. 

Thus, a phage library is a population of 
filamentous phage, preferably fl, fd or KX3 
filamentous phage,, each phage having packaged inside 
the particle a rDNA expression vector of this 

30 invention , the rDHA is encapsulated in the phage 

particle by the matrix proteins of the phage, stated 
differently, a phage library contains a plurality of 
filamentous phage particles, each different phage 
particle containing at least one api tope-binding 

35 complex on its surface as described herein, A 
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preferred library is comprised of phage particles 
containing DNA molecules that encode at least 
preferably 1Q 7 and »ore preferably 1$*** different 
fusion polypeptides of this invention. By different 
5 fusion polypeptides is meant fusion polypeptides 

differing in amino acid residue sequence. , Even higher 
library diversities are available when the methods of 
random combination or mutagenesis are utilised as 
described herein to increase library diversity. 
10 Where the packaged expression vector encodes 

first and second polypeptides of an autogenously 
assembling receptor, e.g. V s and \\ polypeptides that 
for® a Fab, the library can also be characterized as 
containing or expressing a multiplicity of receptor 
IS specificities. Th«s, libraries express at least 10 s , 
preferably at least 10* and more preferably at least 
10 ? different receptors, such as different antibodies, 
T cell receptors, integrins and the like. 

The. size of the library can vary depending on a 
20 number of factors, particularly the method in which: 
the library is produced. As used herein, si*e 
connotes the complexity or diversity of the library, 
■that is the number of different species raking up the 
library, rather than the absolute number of particles 
25 in the library. 

Thus, where a library is produced by first 
separately cloning two repertoires of genes, 
corresponding to the first and second polypeptides, 
the resulting library sice after randomly combining 
30 the two repertoires in the form of a dieistronic 

vector is greatly increased. For example, consider 
light chain and heavy chain variable antibody gene 
repertoires, each having 10* different members. 
Combining the two repertoires theoretically yields a 
35 library of 10 12 possible different dieistronic vector 
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species., 

An experimental system was designed to evaluate 
the ability to "stuff le- two repertoire as described 
above in order to general greater diversity, The 
system utilized a combinatorial Fan library derived 
from a souse immunised with the hapten para- 
nitrophenyl phosphonamidat* (HPS) . Twenty-two 
different clones were isolated,, and the heavy and 
light chain coding nucleic acids ware isolated and 
sequenced to determine that 21 of the 22 pairs were 
different at the level of nucleic acid sequence. The- 
22 HPN ligand-binding clones were randomly reeomhinad 
{ shuffled) , and resereened for binding to KMT. 

Assuming that the heavy and light chains can only 
S&3M- ligand-jbittding heterodimeric receptor molecules 
it the original pairs are rejoined,, the model predicts 
that 4.6 percent of the total combinations would 
provide ligand-binding- combinations. Any higher 
percentage demonstrates that pairings other than the 
original pairs are also capable of binding HPS. The 
results showed that 27 percent of the clones isolated 
hound HPS, indicating a 5. 8-fold increase in the 
library sise of receptors able to bind HPS' upon 
shuffling. This demonstrated increase is limited to 
•those clones that bind HPH» Other members of the 
randomly shuffled library have the capacity to bind 
diverse, non-HPH, Uganda, Thus, shuffling was shown 
to Increase diversity. 

Library complexity can also be increased using 
the methods herein for nutating nucleotide sequences 
in a pre-existing library of sequences. Stated in 

expressed fusion polypeptide, there can be potentially 
a twenty-fold increase in library size for each amino 
acid residua position that is targeted for random 
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For example, using the compl ementar i ty 
< - - ~ - s of 

antibody gsmes as described in the Examples, a linear 
§ region of IS amino acid residues was targeted for 

random station. Starting with a single species and 
Mutating all 16 residue positions through all possible 
combinations with a choice of 20 different amino acids 
would theoretically produce a library of 20 u 
10 different species,, or 6 x I0 20 different species. 

As described herein, a particular advantage of a 
filamentous phage in the present invention is that the 
DMA molecule present in the phage particle and 
encoding one or .both of the members of the 
IS hater odimerie receptor can be segregated from other 
SKA ssoleeules present in the library on the basis of 
the presence of the particular expressed fusion 
polypeptide the surface of the phage particle. 
Isolation (segregation) of a BfcTA molecule 
20 encoding one or both members of a heterodimarie 
receptor Is conducted by segregation of the 
filamentous phage particle containing the gene or 
genes of interest away from the population . of other 
phage particles comprising the library. Segregation 
25 of phage particles involves the physical separation 

and propagation of individual phage particles away 
from other particles in the library. Bet-hods for 
physical separation of filamentous phage particles to 
produce individual particles, and the propagation of 
30 the individual particles to form populations of 

progeny phage derived iron the individual segregated 
particle are well Jcnowh in the filamentous phage arts, 

A preferred separation method involves the 
identification of the expressed hetsrodimer on the 
35 surface of the phage particle by means of a iigand 
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binding specificity Jftw^' rh* rhay particle and a 
prsseXect-ad ligand. Exemplary and preferred is the 
use of "panning" methods whereby a suspension of phage 
particles is contacted with, a solid phase ligapd 
(antigen) and allowed to specifically bind (or 
isaauHoreact. where the heterodisser includes, an 
immunoglobulin variable domain} , After binding, non- 
bound particles are washed off the solid phase, and 
the bound phage particles are these that contain 

20 iigand-specific heterotopic receptor (hetarsdisser) 
on their surface. The bound particles can then be 
recovered fey elution of the hound particle from the 
solid phase, typically by the use of aqueous solvents 
that inter-fere with the ligand-receptor interaction. 

15 Typical solvent include buffers having high ionic 

strength., low pH, or an amount of soluble competing 
ligand sufficient to disrupt the recaptor-ligand 
binding interaction, 

An alternate method for separating a phage 

20 particle based on the Xigand specificity of the 

surface-expressed heterodimer frois a population of 
particles is to precipitate the phage particles from 
the solution phase by crosslinkage with the ligand, 
to exemplary and preferred erosslinking and 

25 precipitation method is described in detail in Example 

4C, 

The use of the above particle segregation methods 
provides a means for screening a population of 
filamentous phage particles present in a phage library 

30 of this invention. As applied to a phage library, 
screening can be utilised to enrich the library for 
one or more particles that express a hsterodimer 
having a preselected ligand binding specificity, 
where the library is designed to contain multiple 

35 * s of hetez s that ~- sosse detectable 
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measure of ligand binding activity, but differ in 
protein structure t antigenicity, ligand binding 
affinity or avidity., »T»d the like, the screening 
methods can be utilised sequentially to first produce 
5 a library enriched for a preselected binding 

specificity, and then to produce a second .library 
further enriched by further screening comprising one 
or sjore isolated phage particles. Methods for 
measuring ligand binding activities, antigenicity and 
10 the like interactions between a ligand and a receptor 
are generally veil known and are not discussed further 
as they are not essential features of the present 
invention <, 

Thus, in one embodiment, a phage library is a 
IS population of particles enriched for a preselected 
ligand binding specificity. 

In another embodiment, a phage library comprises 
a population of particles wherein each particle 
contains at least one fusion polypeptide of this 

■243 invention on the surface of the phage particle. The 
actual amount of fusion polypeptide present on the 
surface of a phage particle depends, in part, on the 
choice of coat protein membrane anchor present in the 
f us ion polypeptide ♦ 

25 Where the anchor is derived froia cplll, there are 

typically about 1 to 4 fusion polypeptides per phage 
particle, Khere the anchor is derived from the ©ore 
preferred cpVXXI, there is the potential for hundreds 
of fusion polypeptides on the particle surface 

30 depending on the growth conditions and other factors 

as discussed herein. The actual amount of fusion 
polypeptides present on a phage particle can be 
adjusted by controlling the amount !: captured" by the 
phage particle as it is being synthesized in a host 

3S ceil. 



Typically., a phage particle in a library of tnis 
invention contains from about 10 to about 500 cpvin- 
derived fusion polypeptides on the surface of each 
particle, and sore preferably about 30 to so fusion 
S polypeptides per particle. Exemplary amounts of 

surface fusion polypeptide are shown by the electron 
jEicrographs described in Example 4a that describe 
particles having about 20 to 24 epTOX-derived fusion 
polypeptide per particle. 
1.0 In another embodiment, tbe present invention 

contemplates a population of phage particles that are 
tbe progeny of a single particle, and therefor all 
express the sane heterodimsr on the particle surface. 
Such a population of phage are homogeneous and 
IS elonally derived, and therefore provide a source for 
expressing large quantities of a particular fusion 
polypeptide. An exesapiary elonally homogeneous phage 
population is described in Example 4, 

A filamentous phage particle in a library of this 
20 invention Is produced by standard filamentous phage 
particle preparation methods and depends on the 
presence in a DHA expression vector of this invention 
of a filamentous phage origin of replication as 
described herein to provide the signals necessary for 
25 (!) production of a single-stranded filamentous phage 
repiicative form and (2) packaging of tbe repiicative 
form into a filamentous phage particle, Such a DKA 
molecule can be packaged when present in a bacterial 
cell host upon introduction of genetic complementation 
30 to provide the filamentous phage proteins required for 
production of infectious phage particles. A typical 
and preferred .method for genetic complementation is to 
infect a bacterial host cell containing a DMA 
expression vector of this invention with a helper 
35 filamentous phage, thereby providing the genetic 
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elements required for phage particle assembly. 
Exemplary helper rescue, methods are described herein 
at Example 2, and described by Short e.t al. > fi£S A 
ftcids Res,, 16r7S83»?gdO (19SS) . 
5 The level of heteredimerie receptor captured on 

the surface of a filamentous phage particle during the 
process of phage particle extrusion from the host cell 
can be controlled by a variety of means. In one 
embodiment,, the levels of fusion polypeptides are 
20 controlled by the use of strong promoters in the first 
and second cistrons for expressing the polypeptides f 
such that transcription of the fusion polypeptide 
cistrons occurs at a relative rats greater than the 
rate of transcription of the epVXXX gene on the helper 
15 phage, in another embodiment, the helper phage can 
ha-ws an amber mutation in the gene for expressing 
cpVXXX, such that less wild-type epVXXX Is transcribed 
in the host cell than fusion polypeptides, thereby 
leading to increased ratios of fusion polypeptide 
20 compared to cpfllX during the extrusion process . 
In another embodiment, the amount of 
heterodimarie receptor on the phage particle surface 
can be controlled by controlling the timing between 
expression of fusion polypeptides and the 
25 superinfection by helper phage. After introduction of 
the expression vector into the host call, longer delay 
times before the addition of helper phage will allow 
for increased accumulation of the fusion polypeptides 
in the host ceil, thereby increasing the amount of 
30 fusion polypeptide captured by the extruding phage 

particle. 



G. MsonpsfJ ; c..Ketdiods 

The present invention also describes a 
diagnostic system, preferably in kit form, for 
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assaying for the presence of a preselected Iigand, or 
antigen, in a sample where it is desirable to detect 
the presence, and preferably the amount, of the iigand 
or antigen in a sample according to the diagnostic 
§ methods described herein... 

The sample can be & tissue, tissue extract, fluid 
sample or body fluid sample, such as blood, plasma or 
serum* 

diagnostic system includes, in an amount 
10 sufficient to perform at least one assay, a 

filamentous phage or ligand -binding hsterodimerie 
raceotor according to the present invention* as a 
separately packaged reagent. 

Exemplary diagnostic systems for detecting a 
15 preselected Iigand in the solid phase and utilising a 
filamentous phage of this invention are described in 
the Examples. 

Instructions for use of the packaged reagent {s} 
are also typically included, 
20 As used herein, the term "package* refers to a 

solid matrix or material such as glass, plastic (e.g., 
polyethylene,, polypropylene or polycarbonate} , paper, 
foil and the like capable of holding within fixed 
limits a heterodimeric receptor, filamentous phage or 
25 library of phage of the present invention, Hons, for 
example, a package can he a glass vial used to contain 
milligram craan titles of a contemplated labeled phage 
preparation, or it can be a microtitar plate well to 
which microgram quantities of a contemplated receptor 
30 or phage particle (a) have been operatively affixed, 

i so as to bo car ah* of binding- a iigand. 

tangible expression describing the reagent 
concentration or at least one assay method parameter 
35 such as the relative amounts of reagent and sample to 
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toe admixed, maintenance ti»e periods for reagent/ 
sample admixtures, temperature, buffer conditions and 
the like, 

A diagnostic system of the present invention 
preferably also includes a label or indicating means 
capable of signaling she formation of a binding 
reaction compl&st containing a Ixgand-binding 
heterodimerie receptor or phage coaple&ed with the 
preselected ligand. 

The word "complex" as used herein refers to the 
product of a specific binding reaction such as an 
phags-ligand or receptor- I igand reaction. Exemplary 
complexes are im^un ©react ion products. 

As used herein, the terms "label" and "indicating 
means" in their various grammatical forsss refer to 
Single atoms and molecules that are either directly or 
indirectly involved in the production of a detectable 
signal to indicate the presence of a complex, toy 
label or indicating sae&ns can be linked to or 
incorporated in an expressed polypeptide, or phage 
particle that is used in a diagnostic method » Such 
labels are themselves well-known in clinical 
diagnostic chemistry and constitute a part of this 
invention only insofar as they are utilized with 
otherwise novel proteins methods and /or systems. 

The labeling means can be a fluorescent labeling 
agent that chemically binds to antibodies or antigens 
without denaturing them to form a f luorochroae (dye) 
that is a useful irrun of lucres cent tracer. Suitable 
fluorescent labeling agents are f iuorochromes such as 
fluorescein isocyanate (Fie) , fluorescein 
i :>tt „wc t FITC 5-dimst yl amine 
naphtha lenesuifonyl chloride f DA1ISC) r 
tetr&mathyi* h sdamJ ne i rote 1 c ?\ anate rfP.XTC) f 
lissamina, rhodamina 8200 sulphonyl chloride (rb 200 



SC) ana the like. A description of iwpfluoresw 
analysis techniques- is fo«n« in Debuea, 
-»fluor eS cen« Analysis" , in fea MY As a, £00,1, 
Marehalonis, «* al,, wil *Y * So * s < 

pp. 139-231 {1982} , which is incorporated herein by 
reference . 

in preferred embodiments, the indicating group is 
an ensyme,, such, as horseradish peroxidase CHRP) , 
glucose oxidase, or the like. In such cases where the 
principal indicating group is an enzyme such as HRP or 
glucose oxidase, additional reagents are required to 
visualise the fact that a recaptor-iigand complex 
(iawunoreaetant) has formed. Such additional reagents 
for HRP include hydrogen peroxide and an oxidation dye 
precursor such as diaminobensidins. to additional 
reagent usef ul with glucose oxidase is 2 , 2 * ~smino~di~ 
{3~ethyl~bensthiasoline~G-sulfonic acid) (KBTS) , 

Radioactive elements are also useful labeling 
agents and are used illustratively herein, m 
exemplary radxolabeling agent is a radioactive element 
that produces gamma ray emissions . Elements which 
themselves emit gamma rays, such as u *l, ' X, X ? I 
and 51 Cr represent one class of gaisma ray emission- 
producing radioactive element indicating groups* 
Particularly preferred is m l. Another group of 
useful labeling means are those elements such as ' C% 
*r, ,5 o and r3 K which themselves emit positrons. The 
positrons so emitted produce gamma rays upon 
encounters with electrons present in the animal's 
body. Also useful is a beta emitter, such m indium 
of S H. 

polypeptides and proteins is veil known in the art. 
For instance, proteins or phage can be labeled by 
metabolic incorporation of rsdioisotope-eontairimg 
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•amino acids provided as a component in the culture 
medium. See., for example, Gaifra ef al., Mjdptn. 

>r?agJL., 73:3-46 (1.98-1) „ The techniques of protein 
conjugation or coupling through activated functional 
5 groups are particularly applicable* See, tor example, 

Auramsas, et aL ( Scand. 3 . Immunol . , Vol.- 8 Suppl. 
7:7-23 (If 78) > Eodwell et al, , Biotech, , 3 s 889-894 
(1984) , and U.S. Pat. Ho, 4,493, 7&S, 

The diagnostic sysrams can also include, 
10 preferably as a separate package, a specific binding 
agent . A "specific binding agent* is a molecular 
entity capable of selectively binding a reagent 
species of the present invention or a complex 
containing such a species, but is not itself a 
IS polypeptide or phage of the present invention. 

Exemplary specific binding agents ere antibody 
molecules, complement proteins or fragments thereof, 
S. aureus protein A, and the li&e. Preferably the 
specific binding agent binds the reagent species when 
20 that species is present as part of a complex. 

In preferred embodiments, the specific binding 
agent is labeled. However, when the diagnostic system 
includes a specific, binding agent that is not labeled, 
the agent is typically used as an amplifying Beans or 
25 reagent. In these embodiments, the labeled specific 

binding agent is capable of specifically binding the 
amplifying means whan, the amplifyixjg means is bound to 
a reagent ■> complex. 

The diagnostic hits of the present invention can 
3 0 be used in an "E1ISA S1 format to detect the quantity of 
a preselected Xig&nd in a fluid sample. * , BL2S&« 
refers to an enzyme -J ink ad immunosorbent assay that 
employs an antibody or antigen bound to a solid phase 
and an enzyme-antigen or enzyme -anti body conjugate to 
35 defect and quantify the amount of an antigen present 
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In a sample and is readily applicable to the present 
methods. A description of the BLISA technique is 
found in Chapter 22 of the 4th I c s as£ 

_ , cai 5 of LO t< CA in 19S2 

and" in 17 » 5. Patents No, 3,6S4,09C; No. 3, BSC, 752; and 
No, 4,016,043, which are all incorporated herein by 
reference* 

Thus, in some embodiments f a polypeptide, or a 
phage of the present invention can be affixed to a 
solid matrix to form a solid support that comprises a 
package in the subject diagnostic systems. 

A reaoent is typically affixed to a solid matrix" 
by adsorption from an aqueous medium although other 
modes of affixation applicable to proteins and 
polypeptides can be used that are well known to those 
skilled in the art. Exemplary adsorption methods are 
described herein. 

Useful solid matrices are also well known in the 
art. Such materials are water insoluble and include 
the cross-linked dextran available under the trademark 
SBRHADEX from Pharmacia Pine Chemicals CPiseataway, 
JTJ)7 agarose; beads of polystyrene beads about I 
Bicron to about 5 millimeters in diameter available 
from Abbott Laboratories of North Chicago, XL; 
polyvinyl chloride, polystyrene, cross-linked 
polyacrylasd.de , nitrocellulose- or nylon-based webs 
such as sheets, strips or paddles; or tubes, plates or 
the wells of a mlerotiter plate such as those made 
from polystyrene or polyvinylchlcride . 

The reagent species,, labeled specific binding 
agent or amplifying reagent of any diagnostic system 
described herein can be provided in solution, as a 
liquid dispersion or as a substantially dry power, 
e.g., in lyophilitad form, Where the indicating Beans 
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is an enzyme, the snsysie's substrate can also be 
provided in a separate package of a system* A solid 
sunpert such as the before-described sdcrotitar plate 
and one or more buffers can also be included as 
5 separately packaged s laments in this diagnostic assay 

system . 

The packaging materials discussed herein in 
relation to diagnostic systems are those customarily 
utilised in diagnostic systems, 

10 

K - Ass av Methods 

The present invention contemplates various 
assay methods for determining the presence,, and 
preferably amount, of a preselected lig&nd, typically 
15 present in an aqueous composition such as a biological 

fluid sample using a heterodimerie receptor or phage 
of this invention as an ligand "binding reagent to form 
a binding reaction product whose amount relates, 
either directly or indirectly, to the amount of the 
20 preselected ligand in the sample. 

Those skilled in the art will understand that 
there are numerous well known clinical diagnostic 
chemistry procedures in which a binding reagent of 
this invention can be used to form an binding reaction 
25 product whose amount relates to the amount of the 

methods are described herein, the invention is not so 
limited. 

Various heterogenous and homogeneous protocols, 
30 either competitive or noncompetitive, can be employed 
in performing an assay method of this invention. 

In one embodiment , the invention contemplates a 
ci r:ee^ binding as~r v~ ng s an.i-fc ng 
heterodimerie receptor or this invention as a binding 
35 reagent to detect the presence of a preselected ligand 
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with which the receptor binds. The method comprises 
the steps of a) admixing a sample suspected to contain 
a preselected antigen with a Ugand-binaing 
heterodimerie receptor of this invention that, bines to 
•the preselected ligand under binding conditions 
sufficient for the ligand-binding heterodimeric 
receptor to hind the ligand and for* a ligand-racaptor 
complex? and b) detecting the presence of the iigand- 
receptor complex or the ligand-binding hetarodimerie 
receptor in the complex. 

Binding conditions are those that maintain the 
ligand-binding activity of the receptor. Those 
conditions include a temperature range of about 4 to 
SO degrees Centigrade, a.pH value range of about 3 to 
9 and an ionic strength varying from about that of 
distilled water to that of about one molar sodium 
chloride. 

The detecting stop cars be directed, as is veil 
3cnotm in the immunological arts, to either the complex 
or the binding reagent (the receptor component of the 
complex) . Thus, a secondary binding reagent such as 
an antibody specific for the receptor may be utilised. 

Alternatively, the complex may be detectable toy 
virtue of having used a. labeled receptor molecule, 
thereby making the comply labeled. Detection in this 
case comprises detecting the label present in the 
complex. 

in a preferred embodiment, the ligand-binding 
heterodimeric receptor is provided as an attachment on 
a filamentous phage particle, i.e., on the surface of 
the phage, An exemplary assay using a filamentous 
phage of this invention is described in an SLISA 
format in the Examples. 

In another embodiment,, a filamentous phage 
particle is detestably labeled, such as by a 
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radioisotope incorporated in a protein or nucleic acid 
of the phage as described herein. In this snhodinent , 
detection comprises detecting the label in the 
complex, and thereby detecting the presence of the 
5 ligand in the complex. 

A further diagnostic method utilises the 
multivalency of a filamentous phage particle to cross- 
link, ligand, thereby forming an aggregation of 
multiple Uganda and phage particles, producing a 

10 pracipitable aggregate* This essbodiiaent is comparable 
to the veil known methods of immune precipitation. 
This embodiment comprises the steps of admixing a 
sample with a plurality of phage particle of this 
invention to form a binding admixture under binding 

IS conditions, followed by a separation step to isolate 

the -formed binding complexes. Typically, isolation is 
accomplished by centrifngation or filtration to remove 
the aggregate from the admixture. The prss&nce of 
binding complexes indicates the presence of the 

SO preselected ligand to he detected, 

Examples; 

The following examples are intended to 
illustrate, but not limit, the scope of the invention. 

25 

for Producim?,^ 
Particles 

To obtain a vector system for generating a large 
30 * * ar of Fah a: r ; - - t ;an be :re ned 

directly, expression libraries in bacteriophage Lambda 
have previously been constructed as described in Huse 
et aL, So j once f 24 6; 127S-1231 (1989) . These systems 
did not contain design features that provide for the 
35 expressed Fab to be targeted to the surface of a 
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filamentous phage particle. 

The jaain criterion used in choosing a vector 
system was the necessity of generating the largest 
number of Fab fragments which could fee screened 
s directly. Bacteriophage toMa wan selected as the 

starting point to develop a» expression vector for 
three reasons. First, is IQtro packaging of phage SKA 
was the most efficient seethed of reintroducing DMA 
into host cells. Second, it was possible to detect 
10 protein expression at the level of single phage 

plagues. Finally,, the screening of phage libraries 
typically involved less difficulty with nonspecific 
binding- The alternative, plastaid cloning vectors, 
are only advantageous in the analysis of clones after 
IS they have been identified. This advantage was net 
lost in the present system because of the use of a 
dicistronle expression vector such as pComfoTOT, 
thereby permitting a plasmid containing the heavy 
chain, light chain, or Feb expressing inserts to be 
20 excised. 

a, s " rue-ion of J>lc rr S §i S 

Vector.. fiC&MS 

{ i } gregar ation of..J&wrt>aa Sra JSlX 

lambda 2ap tH XI is a derivative of the 
25 original tamhda Sap (ATCC # 40,298} that maintains all 
of the characteristics of the original Lambda Sap 
including 6 nnigue cloning sites, fusion protein 
expression, and the ability to rapidly excise the 
insert in the form of a phagamid {Blusseript SK») t but 
30 lacks the SMS 100 natation, allowing growth on many 
Kon-Sup F strains, including XLl~Blue. The Lambda 
Sap™ II was constructed as described in Short et al. , 

: i. 00, 138 

Lambda S gene contained in a 4254 base pair (bp) ERA 
33 fragment produced by digesting lambda Zap with the 



restriction enzyme Nco I. This 4254 bp DNA fragment 
yas replaced v-lth the 42S4 bp DNA fragment containing 
the Lambda S gene isolated from Lambda gtlO (ATCC # 
40,179} after digesting the vector with the 
restrict.. ion erzyrse Nco I. The 4254 bp DMA fragment 
isolated froB lambda gtlQ was ligatad into' the 
original Lambda Zap vector using T4 DN& ligase and 
standard protocols such as those described in Current 
tetocoi.s..JjxJlate > Austtbel et ads. r 

John Wiley and Sons,. m t 1S>87, to forss Lambda z&p™ 
XX i 

( 1 * ) Prepare t i on of La TOMh^Hc2 

To express a plurality of V H -coding DJ4A 

homologs in an g$Xi host cell, a vector designated 

Leuabda Hc2 was constructed. The vector provided the 
following; the capacity to place the v^-coding DNA 
homologs in the proper reading frame? a ribosoae 
binding site as described by shine et fcl, , Nature f 
254 ? 34, 1975; a leader sequence directing the 
expressed protein to the periplastic space designated 
the pels secretion signal; a polynucleotide sequence 
that coded for a known epitope (epitope tag) ; and also 
a polynucleotide that ceded for a spacer protein 
between the V H ~eoding DNA homo log and the 
polynucleotide coding for the epitope tag. Lambda Be2 
has been previously described by Huse et a!., Science. 
24 6; 1275-1281 (198S) ♦ 

To prepare Lambda Hc2, a synthetic DNA sequence 
containing all of the above features was constructed 
by designing single stranded polynucleotide segments 
of 20-40 bases that: would hybridise to each other and 
form the double stranded synthetic DNA sequence shown 
in Figure 3. The individual single-stranded 
polynucleotide segments are shown in Table 3. 

Polynucleotides N2,< N3 , N9-4 , Nil, N10-5, N6 ; n? 
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and KB (Table 3 } were kinased by adding 1 pi of each 
polynucleotide 04 micrograms /microliter (/xg/ul) and 
20 units of T< polynucleotide kinase to a solution 
containing 70 *M Tris~«, ?H 7,6, 10 «M MgCi s , S mM 
dithiothxeitoi (DTT) , IS S3 H feeta^ercaptoexhanol,. 500 
micrograms per milliliter C^g/ml) bovine serum albumin 
fBSA) , The solution was maintained at 3? degrees 
centigrade (3?«c) for 30 minutes and the reaction 
stoooed by maintaining the solution at 6S*C for 10 
minutes. The two end polynucleotides,. 20 ng of 
polynucleotides 111 and polynucleotides N12, were added 
to the above kinasing reaction solution together with 
1/10 volume of a solution containing 20.0 mM Trls-BCX, 
pH 7.4, 2.0 m HgCX 2 and 50,0 bH KaCX. This solution 
was heated to 70*C for S minutes and allowed to cool 
to room temperature, approximately 25 »C, over 1. 5 
hours in a S00 ml beaker of water. During this time 
period all 10 polynucleotides annealed to form the 
double stranded synthetic Wh insert shown in Figure 
3. The individual polynucleotides were ©ovalently 
linked to each other to stabilise the synthetic DKA 
insert by adding 40 pi of the above reaction to a 
solution containing SO m Tris-KCX, pH 7.5, 7 *K 
MgClg, 1 3aH DTT, 1 saK adenosine triphosphate (ATP) and 
10 units of T4 DhA ligase. This solution was 
maintained at 3?»C for 30 minutes and then the T4 Qftft 
ligase was inactivated by maintaining the solution at 
65 *C for 10 minutes. The end polynucleotides were 
kinased by mixing 52 jui of the above reaction, 4 $1 of 
a solution containing 10 mM ATP and 5 units of T4 
polynucleotide kinase, This solution was maintained 
at 37 S C for 30 minutes and then the T4 polynucleotide 
kinase was inactivated by maintaining the solution at 
£5 ; C for 10 minutes. 
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(22) 


HI) 


5 5 


GGCGCCAaATTCTATTTCAa^GAGACAGTCAT 3 s 


(23) 


N2) 


5* 


AATGAAATACCTATTGCCTACGGGAGCCGCTGCATT 3 * 


(24) 


K3) 


5 f 


<^PT^TOG3?CGCTGCCCAACCAGCCA-TGGCCC 3 • 




N 6 ) 


5* 


C^GTTTCACCTGGGCCATGGCTGGTXGGG 3 ! 


£26) 


N7) 


5' 


CAGCGAGI^AATAACAATCGAGCGGCTGCCGTAGGCAATAG 3 


(27) 


N8 ) 


5* 


GTATTTGATTATGACTGTCTCCraSWmGAATTTGC 3 « 


m) 




5* 


AGGtGA/vACTGCTCGAGATTTCTAGACTAGTTACCCGTAC 3 


12*) 


KX0-5) 


5< 


CGG AA CG TCGT A GGG GT AACT AG T CT A G AA AT C'T CG AG 3 ( ' 


(30) 


Nil) 


S* 


GACGTXCCG G ACT A CG G TTCTTAAT AG AATT CG 3 ' 


(31) 


H12) 


5» 


TCGACGAATTCTATTAAGAAGCGTAGTC 3 5 



15 

The completed synthetic DKA insert was Xi.ga.ted 
directly into the Lambda 2ap** II vector described in 
Example Xa(i) that had been previously digested with 
the restriction <emzym&s, Not I and Xho I. The 

20 ligation fixture vas packaged according to the 

manufacture ' s instructions using Gigapaek IX Gold 
packing extract available fro» Stratagenc, La Jo 11 a, 
California, The packaged ligation mixture was plated 
on XLl-Blue cells (stratagene) „ Individual lambda 

25 *?ere cor ad and the inserts excised according 

to the in vivo excision protocol for Lambda Tap™ IX 
provided by the manufacturer (Stratagene) . This in 
.T.i:TG excision protocol moved the cloned insert, from 
the Lambda He 2 vaster into a phagemid vector to allow 

30 easy for manipulation and sequencing. The accuracy of 

the above cloning steps was confirmed by sequencing 
the insert using the Sanger dideoxy seethed described 
in bs Sanger at al. P.; Yb Seil.-.„.Acec sii,, USA . 
74 ; 5463-5467, (197?) and using the manufacture's 

35 instructions in the AKV Reverse Transcriptase "S-ATP 
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seauancing kit; (Strstagene) > The sequence of the 
resulting double-stranded synthetic DMA insert in the 
V.. expression vector (Lambda Hc2) is shewn in Figure 
3! The sequence of each strand (top and bottom) of 
5 Lambda Hc2 is listed in the sequence listing as SEQ ID 
80 1 and SEO ID SO 2, respectively. The resultant 
Lambda KC2 expression vector is shown in Figure 4, 
( iii) Preparation or.X .aj&a&Jks2 

To express a plurality of V—coding 
10 mth homdiogs in an E, noli host cell, a vector 

designated Lambda Lc2 was constructed having the 
capacity to place the v\ -coding DB& homologs in the 
ero»er reading frame. f provided a ribosome binding site 
as described by Shine et al., K a.ftffi Sfe » 254:34 (X97B) t 
IS provided the pais gene leader sequence secretion 

signal that has been previously used to successfully 

secrete Fab fragments in &. mUk by Lei et a.l>, £*. 

Sac. , iss;437S (l.S»7) and Better et al. , Science,, 
240S104X {%mz\t a»d also provided a polynucleotide 
20 containing a restriction endonueleasa site for 

cloning. Lambda Lc2 has been previously described by 
Hues et al., Science, 24 S J 1 2 75 ~ 12 8 1 (ISSS) ... 

A synthetic mk sequence containing all of the 
above features was constructed by designing single 
25 stranded polynucleotide segments of 20-60 bases that 
would hybridize to each, other and form the double 
srranded synthetic Wh sequence shown in Figure .3. 
the sequence of each individual single-stranded 
polynucleotide segment (i>3L~08) vlthin the double 
30 stranded synthetic DN'A sequence is shown in Table 4. 

Polynucleotides 02,. 03, 04, OS, 0S and 07 (Table 
4} were kinases by adding 1 pX {0,1 eg/>l) of each 
polynucleotide and 20 units of T 6 polynucleotide 
kinase to a solution containing 70 tsM Tris-KCl, pH 
35 7.6, 10 mM MgCl, 5 mH tWT r 10 m beta-~xaereaptoethanoi, 
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500 mg/nl of BSA . The solution was maintained at 3?*C 
for 30 minutes and the reaction stopped by maintaining 
the solution at €<S<>C for 10 ninutes. The SO ng each 
of the two end polynucleotides, 01 and OS, were added 
5 to the above kinasing reaction solution together with 
1/20 volume of a solution containing 20.0 nM Tris™KCl, 
pH 7.4, 2.0 mH MgCX and IS. 0 jnM sodium chloride 
(HaCl) . This solution was heated to ?0*C for S 
minutes and allowed to cool to root temperature, 
10 approximately 25°C f over 1.5 hours in a SCO ml beaker 
of water. During this time period all 8 
polynucleotides annealed to form the double stranded 
synthetic DNA insert shown in Figure 5* The 
individual polynucleotides were covalentiy linked to 
IS each other to stabilize the synthetic DNA insert by 
adding 4 0 ul of the above reaction to a solution 
containing so sal Tris-ECi, pH 7.3, ? ml MgCi, 1 asm 
WZTt 1 m» ATP and 10 units of T4 DM* iigaee. This 
solution was maintained at 37»C for 30 minutes and 
20 then the T4 ©HA Xigase was inactivated by maintaining 
the solution at SS*C for 10 minutes. The end 
polynucleotides were kxnased by mixing 52 Mi of the 
above reaction, 4 #1 of a solution containing 10 tM 
ATP and 5 units of T4 polynucleotide kinase. This 
2S solution was maintained at 37 *c for 30 3sinut.es and 

then the T4 polynucleotide kinase, was inactivated by 
maintaining the solution at ©5*C for 10 minutes, 



TAB LB 4 

SSQ. 

(32) 01] £i TGAATTC1. V ( ; S GACAGTCA1 

(33) 02) 5' AATG^TACCTATXGCCTACGGCAOCCGCTGC-IT 

(34) 03} 5' GTTATTACTCGCTGCCCAACCAGCCATGGCC 3 ? 

(35) 04} 5* GAGC ( C " 3 SGCCG 3* 
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(37) 06} S* C&SC&AC3TA?; TAAC AATCCAG CGS CT G CCS TAG GC AATAG 

(38} 07} 5 ! TGACGAGCTCGGCCATGGCTGGTTGGG 3' 
(39) 08} S« TCGACGGCCaCTAACTCTAGAAC 3' 



The completed synthetic Dm insert was iigatad 
10 directly into the LaaMa gap tH II vector described in 
Bxample 1(a) £i) that had been previously digested with 
the restriction enzymes Sac I and Xho I, The ligation 
fixture was packaged according to the manufacture's 
instructions using Gigapaek IX Gold packing extract 
IS (Stratagems) ♦ The packaged ligation mixture was 

plated on XLl-Blu® cells (Stratagene} - Individual 
lambda plaques were cored and the inserts excised 
according to the ■■ fa yiyo excision protocol for Lambda 
Zap w II provided by the manufacturer (Stratagene} . 
2h This in vivo excision protocol moved the cloned insert 
from the Lambda Lc2 vector into a plasmid phagamid 
vector allow for easy manipulation and sequencing. 
The accuracy of the above cloning steps was confirmed 
by sequencing the insert using the manufacture's 
25 instructions in the m? Reverse Transcriptase 35 S~dATF 
sequencing hit (Stratagene) . The sequence of the 
resulting Lc2 expression vector {Lambda Lc2) is shown 
in Figure 5, Each strand is separately listed in the 
Sequence Listing as 5EQ ID KO 3 and SEQ ID NO 4. The 
30 resultant Lc2 vector is schematically diagrammed in 
Figure 6. 

A preferred vector for use in this invention, 
designated Lambda Lc3 f is a derivative of Lambda Lc2 
prepared above ♦ Lambda Lc2 contains a Spe I 
35 restriction site (ACTAGT) located 3* to the BccR I 
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rastriction site and 5' to the Shins~Da.igar.no rib ess esse 
binding sine as shown in the. sequence in Figure 5 and 
in SEQ ID *K> 3. A Spe I restriction site in aiso 
present in Uuatoda Bc2 as shown in Figures 3 and 4 and 
§ in S£0 IS no 1. A combinatorial vector, designated 

pCOBb, was constructed by combining portions of Lambda 
Bc2 and Le2 together as described in Example la(iv) 
below. The resultant eosibinatoria 1 pcoxab vector 
contained two Spe I restriction sites, one provided by 
10 Lambda Kc2 and one provided fey Lambda Lc2 t with an 

EcoR I site In between. Despite the presence of two 
Spe I restriction sites, DMA homologs having spe I and 
EcoR 1 cohesive termini were successfully 
directionaily iigated into a pComb expression vector 
15 previously digested with Spe I and SeoR I as described 
in Example lb below. The proximity- of the EcoR 1 
restriction site to the 3> Spe I site, provided by the 
LC2 vector, inhibited the complete digestion of the 3 * 
Spe X site. Thus, digesting pComfe with Spe I and SoOR 
20 X did not result in removal of the EcoR I site between 
the two Spe I sites. 

The presence of a second Spe X restriction site 
may be undesirable for ligations into a pComb vector 
digested only with Spe 1 as the region between the two 
25 sites would fee eliminated* Therefore, a derivative of 

La&bda Le2 lacking the second or 3 f Spe X site, 
designated Lambda Lc3 , is produced fey first digesting 
Lambda Lc2 with Spe X to form a linearised vector. 
The ends are tilled in to form blunt ends which, are 
30 Iigated together to result in Lambda Lc3 lacking a Spe 

X site. Lambda Lc3 is a preferred vector for use in 
constructing a combinatorial vector as described 
below. 

(iv) .Preparation ....of ..pComfo 
35 Phagsnids were excised from the 
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expression vectors »bda Hc2 or X^mb&a Lc2 using an 
in vivo vision protocol described above, Double, 
stranded DNa vas prepared fro,; the phagenid-eontaining 
cells according to the methods described by Ho toss at 
5 &l/ f »t»rt. Bloch«~ 114S1S3 (1981). The phagemids 

resulting froa in vtve excision contained the same 
nucleotide sequences for antibody fragment cloning end 
expression as did the parent vectors, and are 
designated phagesiid Hc2 and Lc2 f corresponding to 
16 Lambda Hc2 and Lc2 t respectively . 

For the construction of combinatorial phagemid 
vector pcoab, produced by combining portions of 
phagemid Hc2 and phagemid Lc2, phagemid Hc2 was- first 
digested with Sac I to remove the restriction site 
15 located 3< to the l&cZ promoter. The .linearised 

phagemid was then blunt ended with T4 polymerase and 
ligated to result in a Hc2 phageaid lacking a Sac I 
site, The modified Hc2 phagemid and the Lc2 phagemid 
were then separately restriction digested with Sea X 
20 end EcoR I to result in a Hc2 fragment having from 5 s 
to 3 s Sea X, Mot I Xho X, Spe 1 and EcoR I restriction 
sites and a Lc2 fragment having from 5» to 3' EcoR X, 
Sac X t Xba I and Sac X restriction sites. The 
linear iced phagemicts vere then ligated together at 
25 their respective cohesive ends to form pCasth, a 

circularized phagemid having a linear arrangement of 
restriction sites of Hot I f Xho X, Spe X, EcoR X, Sac 
I, Xba I, Mot I, &pa X and Sea X> The ligated 
phagemid vector was than inserted into an appropriate 
30 bacterial host and transformants were selected on the 
antibiotic ampieillin. 

Selected ampicillin resistant transf orients vere 
screened for the presence of two Not X sites, The 
resulting anpioillin resistant combinatorial phagemid 
35 vector vas designated pconb,, the schematic 
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organisation of which is shown in Figure 7. The 
resultant combinatorial vector, pConb f consisted of a 
DNA molecule having two cassettes to express two 
fusion proteins and having nucleotide residue 
5 sequences for the following operatives ly linked 

elements listed in a 5 s to 3 ' direction; a first 
cassette consisting of an inducible Lac 2 promoter " 
upstream tress the LacS gene; a Hot I restriction site; 
a ribosome binding site; a peXB leader; a spacer; a 
10 cloning region bordered by a S * Xho and 3 * Spe I 
restriction site; a decapsptide tag followed by 
expression control stop sequences; an EcoE I 
restriction site located 5* to a second cassette 
consisting of an expression control rihosoms binding 
15 site; a pelB leader; a spacer region; a cloning region 
bordered by a 3* Sac £ &n& a 3* Xba 1 restriction site 
followed by expression control stop sequences and a 
second Not 1 restriction site. 

A preferred combinatorial, vector for use in tbis 
20 invention, designated pComto2g is constructed by 

combining portions of phagemid He 2 and pbagemid Lc3 as 
described above for preparing pComh, The resultant 
combinatorial vector, pCsmkZ , consists of a DNA 
molecule having two cassettes identical to pComb to 
25 express two fusion proteins identically to pComb 

except that a second spe I restriction site in the 
second cassette is eliminated, 

fo. ( : t rrs„ f |>g pTsbV XlI and 

30 Hc yigg s .: ; ^ - * -XiiM 

opchcr 

Because of the multiple endonuciease 
restriction cloning sites, the pComb phagemid. 
expression vector prepared above is a useful cloning 
35 vehicle for modification tor the preparation of an 
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expression vector of this invention. To that end, 
pCoab is digested with ScoR X and Spe X followed by 
phosphatase treatment to produce linearised pComh, 
(i) prep&yat ifrP at t^ZomhSIIZ 
5 & PCR product produced in Example 2g 

and having a nucleotide segusnca that defines a 
filamentous bacteriophage coat protein VXIX {epPXXX) 
membrane anchor domain and cohesive Spe X and EcoE 1 
termini was admixed with the linearised pComb to form 
XQ a. ligation admixture. The epVXXX-membrans anchor- 

encoding PCS fragment was directionally li gated into 
the pComb phagemid expression vector at corresponding 
cohesive termini, that resulted in forming pCombvTXX 
{also designated pCombS) . pCombVIXX contains a 
15 cassette defined by the nucleotide sequence shown In 
SEQ ID NO lis from nucleotide base l to base 208, and 
contains a pals secretion signal operative!^ linked to 
the cpVXXX membrane anchor* 

A preferred phagsmid expression vector for use in 
20 this invention, designated either pComhS-vTIX or 
pComh2~8, was prepared as described above by 
directionally ligatlng the cpVXXX membrane, anchor- 
encoding PCR fragment into a pCombS phagemid 
expression vector via Spe 1 and BcoR X cohesive 
25 termini. The pComb2~8 had only one Sue X restriction 
site. 

C i i } preparation, o f ocomhX.XX 

A separate phagemid expression vector 
was constructed using sequences encoding bacteriophage 
30 cpXXX membrane anchor domain, h PCR product defining 
the cpXXX membrane anchor containing a LacS promoter 
region sequence 3 5 to the membrane anchor for 
expression of the light chain and Spe X and BcoR X 
cohesive termini was prepared as described for opVXXX, 
3 8' the details of which are described in Example 2g« The 
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cpXXX-derived PCR product was then ligateti into 
linearised pCe»&2 vector having- only one spe X site to 
for» the vector pCor,fe2~3 (also designated pComb2-XXX}. 
A xaore preferred phagemid expression vector for 
§ pee in this invention having additional restriction 

ensyae cloning sites,, designated pComto~JXX.* or pCojsb2~ 
3», was prepared as described above for pCo»b2-3 with 
the addition of a 51 base pair fragment from 
pBluescript as described by Short et al. , Nijo.,....Aeids 
10 Res, r 16:?SS3~?6GQ (1988) ana commercially available 
from Strat-agene. To prepare pCo»b2™3« , pComb2~3 was 
first digested with Xho 1 and Spe I restriction 
eha-pses to form a linearized pComb.2-3. The vector 
pEltjescript was digested with the 'same enzymes 
15 releasing a Si base pair fragment containing the 

restriction enzyme sites Sal X, Acs x, Einc XX, Cla X> 
Hin$ XXX, BsoE V, Pst X, sma I and B&aB X, The Si 
base pair fragment was iigatad into the linearised 
pC©mb2~3 vector via the cohesive Xho X and Spe X 
20 termini to form pc©»b2-~3 * * 

s* x ~CBAE V e ct or s . . Ha v j n 0 a 

21_: - -nse Hurler 

In order to utilize a different selectable 
Barker gene, such as chloramphenicol acetyl 
25 transferase (CAT) , for the selection of bacteria 
transformed with a vector of this invention, 
expression vectors based on pComb were developed 
having a gene encoding CAT ana are designated pCBAE 
vectors- The pCBAX vectors are prepared by combining 
30 portions of pCB and pCciSb. 

( i ) Preparation .of, pCB 

pBicsScript phagerid vectors, pBC SK(~) 
an pB ^ an vers modified and 

cocbined t.< gen rat« a third vector designated pCB as 
3 3 c > — llv ' - 
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pBC SK{~) , which contains a chloramphenicol 
resistance selectable marker gene, was digested with 
Bst BX and blunt ended with T4 polymerase, A second 
digestion with Pvu * allowed for the iremoval of a x 
Ailofoasa (kb) fragment leaving a 2.4 kb linearized 
vector which retained the ChT selectable resistance 
marker gen*, an inducible IacZ promoter upstream from 
the LacS gene and a Col EX origin region. The 2,4 kb 
fragment was recovered. The pBS SK(-) vector was 
.digested with Aat IX and blunt ended with T4 
polymerase- A second digestion with Pvu 1 allowed for 
the isolation of an 800 base pair {bp} fragment 
containing the fl origin of replication. Ligation of 
the pBS derived 800 bp fl fragment with the 2.4 kb pSG 
fragment created a pCB precursor vector containing a 
Sac I site, an fx origin of replication, a CAT 
selectable resistance marker gene, eoXSX origin, a 
multiple cloning site (KCS) flanked by % and Ty 
promoters, and an inducible Lae2 promoter upstream 
from Lac2 gene. 

The pCB precursor vector was then digested with 
Sac X and blunt-ended with T4 polymerase. -The T4 
polymerase- treated pCB vector was then relig&ted to 
form pes vector and is lacking a sac X site, 
(ii) Preparation of .pCBAM 

The pCB vector containing the CAT 
selectable resistance marker gene was digested with 
Sac XX and Apa I and treated with phosphatase to 
prevent r ©ligation and to form linearised pCB vector. 
The pComb vector prepared in Example 1(a) (iv) was 
restriction digested with Sac IX and Apa I to release 
a fragment containing nucleotide residue sequences 
starting S r to the L&cZ promoter and extending past 
the 3 < end of the second Hot X site. The Sac XX and 
Apa X pComb DNA fragment was then dirsctionally 
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ligated into the similarly digested pCB vector to form 
phagessid expression vector pCB&KQ. »*«••:* erred pCBAX 
expression vectors are constructed with pcembj: . The 
resultant pCBAK expression vector contained only one 
S Sp* I restriction site. 

(iii) v:>\:t: "5„§ 

To prepare a pCB&K-hased phagemid 
expression vector which encodes a bacteriophage coat 
protein inembrane anchor dona in in the expressed fusion 
10 protein,. pCS phagemid cloning vector prepared in 

Example le(ii} was linearised by digestion with Sac II 
and Apa 2. The pCosihVIXl phagessid expression vector, 
prepared ' in Example !»{i) f was restriction digested 
with Sac II and Ap® 1 to form a fragment containing a 
15 nucleotide residue sequence starting 5* to the Laps 
promoter and extending past the 3 * end of the second 
Not 1 site. The fragment was directionaXXy ligated 
into the linearized pCB cloning vector to form 
phagemid expression vector pCBAKS. 

The phagesdd expression vector; 
f*CS&iK3> for the expression of fusion protein .having 
cpIXX .membrane anchor domains , was similarly 
constructed by directionally Xigating the sac II end 
25 Ape I restriction digested fragment from pcoisbXll with 
Sac II and Apa 1 linearised pCB cloning vector, 

t i t 1 „ I; o^ oi. s iun v^e .pp^.s 
f or Expressin g Anti ^Hipfo Bete yo&iaaer on Phase 
30 Surfaces 

In practicing this invention, the .heavy (pd 
consisting of v„ and c..i) and light (kappa) chains (V l4 
C L ) of antibodies are first targeted to the periplasm 
of E. coli for the assembly of heterodijaeric Fab 
35 saolecules. In order to obtain expression of antibody 
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Pah libraries on a phage surface,, the nucleotide 
residue sequences encoding either the Fd or light 
chains mist he operatively linked to the nucleotide 
residue sequence encoding a filamentous bacteriophage 
5 coat protein meabr&n© anchor. Two preferred coat 
proteins for use in this invention in providing a 
membrane anchor are TO1 and XIX (cpTOI and cpXXX, 
respectively) . In the Examples described herein, 
methods for operatively linking a nucleotide residue 
10 sequence encoding a Fd chain to either epVXXX or cpXXX 
membrane anchors in a fusion protein of this invention 
are described. 

In a phagemid vector, a first and second cistron 
consisting of translatable DNA sequences are 
IS operatively linked to form a dicistrenio DNA molecule. 
Each, cistron in the dicistronic T>m molecule is linked 
to Bh T A expression control sequences for the coordinate 
expression of a fusion protein, Fd~cpViXX or Fd-cpXXX, 
and a &appa light chain. 
20 The first cistron encodes a periplasmic secretion 

signal (pels leader) operatively linked to the fusion 
protein, either Fo.~cpVXXX or Pd-cpXXX, The second 
cistron encodes a second pelB lender operatively 
linked to a kappa light chain. Xhe presence of the 
23 pelB leader facilitates the coordinated but separate 
secretion of both the fusion protein and light chain 
from the bacterial cytoplasm into the periplasmic 
space. 

The process described above is schematically 
30 diagrammed in Figure s. Briefly, the phagemid 

expression vector carries a chloramphenicol acetyl 
transferase (CAT) selectable, resistance marker gene in 
addition to the Fd-cpVXXX fusion and the kappa chain- 
The fl phage origin of replication facilitates the 
35 generation of single stranded phagemid. The isopropyl 
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thiogaXaetopyranoside (IPTS) induced expression of a 
dicistronic jsessaga encoding the Fd-cpviil fusion (V Hr 
C cpVIXI) and the light chain (\ f C) leads to the 
formation of heavy and light chains. Each chain is 
5 delivered to the periplastic space by the pelB leader 

segusnce, which is subsequently cleaved, Tjba heavy 
chain is anchored in the aiemferane by the cpYXXX 
membrane anchor domain while, the light chain is 
secreted into the periplasm, Trie heavy chain in the 

10 presence of light chain assembles to form Fab 

molecules. This same result can be achieved if, in 
the alternative f the light chain is anchored in the 
membrane vie a light chain fusion protein having a 
isemtorane anchor and heavy chain is secreted via a pelB 

15 leader into the periplasm. 

With subsequent infection of B, coll with a 

helper phage, as the assembly of the filamentous 
bacteriophage progresses, the coat protein VX|X is 
incorporated along the entire length of the 

20 filamentous phage particles as shown in Figures B and 
S, if cpxxx is used, the accumulation occurs on the 
tail of the bacteriophage, The advantage of the 
utilisation of meabrana anchors from cpVXXI over cpXXI 
is two fold. Firstly, a multiplicity of binding 

as sites, consisting of approximately 2700 cpVXXX 

Honoffiers assembled in a tubular array,, assist along the 
particle surface. Secondly, the construct does not 
interfere with phage infect ivity, 

3D The nucleotide sequences encoding the 

immunoglobulin protein CDR'e are highly variable. 
However, there are several .regions of conserved 
sequences that flank the V region domains of either 
the light or heavy chain, for instance, end that 

35 contain substantially conserved nucleotide sequences, 
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i.e., sequences that will hybridize to the saia prime* 
sequence. Therefore, polynucleotide synthesis 
f amplification) primers that hybridize to the 
conserved sequences and incorporate restriction sites 
5 into the BNA homolog produced that are suitable tor 

aperatively linking the synthesized DNA fragments to a 
vector were constructed. Here specifically,, the 
primers ere designed so that the resulting DHA. 
hoooiogs produced can be inserted into an expression 
10 vector of this invention in reading frame with the 
upstream translatable DNA sequence at the region of 
the vector containing the directional ligation means, 

Tm amplification of the % domains, 

IS primers are designed to introduce cohesive termini 

compatible with directional ligation into the unique 
Xho I and Spa X sites of . the phagemid Hc2 expression 
vector. For example, the 3 5 primer (primer X2A in 
Table 5) , was desired to he complementary to the j&Xk 

20 in the J s region. In all cases, the S ! primers 
(primers l-io, Table 5) were chosen to be 
complementary to the first strand cDNA in the 
conserved F-terminus region (antisense strand) . 
Initially amplification was performed with a mixture 

25 of 32 primers (primer 1, Table 5) that were degenerate 
at five positions. Kybridoma &RNA could be amplified 
vith mired primers, but initial attempts to amplify 
mSKA from spleen yielded variable results . Therefore, 
several alternatives to amplification using the mixed 

30 S ! primers were compared* 

Tbe first alternative was to construct multiple 
unique primers , eight of which are shown in Table 5, 
corrs N i ng to i dr 5 aa3 member 

primer pool- The individual primers 2-9 of Table S 
35 were constructed by incorporating either of tbe two 



WO 92/18619. 



-109- 

possibla nucleotides at, three of the five degenerate 
positions. 

The second alternative was to construct a primer 
containing inosine (primer 10, Table 5} at four of the 
, s variable positions based on the published voxk of 

T&kahashi, at al . , Free . Hati, . Acad, Sei. (0SA1, 

82:1931-1935, (1985) and Ohtsuka at al. , J. Biol, 
£&$8Ui 260: 2605-2608, (1S8S) , This primer baa the 
advantage that it is not degenerate and, at the sasse 
10 tine minimizes the negative effects of sis.sat.chsa at 
the uneonssrvad positions as discussed by Martin et 
al., Muc i ,, i , i , ii Agids,.,,Hss, T . f 13:892? {19B5} , However, it was 
not known if the presence of inosine nucleotides would 
result in incorporation of tinvanted sequences in the 
IS cloned V 8 regions. Therefore, inosine was not 

included at the one position that remains in the 
amplified fragments after the cleavage of the 
restriction sites. As a result, inosine was not in 
the cloned insert. 
28 Additional v„ amplification primers including the 

unique 3* pr laser were designed to be. complementary to 
a portion of the first constant region domain of the 
gamma 1 heavy chain mSHA (primers 16 and 17, Table 5). 
These primers will produce DNA homology containing 
2-S polynuei sot ides coding for amino acids from the V s and 

the first constant region domains of the heavy chain. 
These DNA horologe can therefore be used to produce 
Fab fragments rather than F ¥ . 

Additional unique 3' primers designed to 
3D hybridise to similar regions of another class of 

immunoglobulin heavy chain such as XgK, 1'gE and Xg& 
are contemplated. Other 3* primers that hybridize to 
a specific region of a specific class of CH 1 constant 
region and are adapted for transferring the V„ domains 
35 amplified using this primer to an expression vector 
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capabXe of expressing th&s®. % domains with a 
different class of heavy or light chain constant 
region are also contemplated. 

As a control for amplification from spleen or 
5 hybridoma jaRHAr a sat: of primers hybridising to a 

highly conserved region within the constant region 
Xga, heavy chain gene ware constructed. The S' primer 
(primer XI, TabXa 3) is complementary to the cDHA in 
the C 8 2 region whereas the 3* primer (primer 13 f Table 
10 5} is complementary to the mKHA in the C K 3 region. It 
is believed that no mismatches ware present between 
these primers and their templates* 

The primers used for amplification of heavy chain 
Bt fragments for construction of ?abs are shown at 
15 least in Table 5 , Amplification was performed In 

eight separate reactions, each containing one of the 
S* primers (primers and one of the 3 r primers 

(primer IS). The, remaining 5 s primers that have been 
used for amplification in a single reaction are either 
20 a degenerate primer {primer 3.) or a primer that 

incorporates inosine at four degenerate positions 
(primer 10, Table 5, and primers 17 and IB, Table 6). 
The remaining 3 4 primer (primer 14, Table 6} has been 
used to construct T v fragments. Many of the 5* 
25 primers incorporate a Xho X site, and the 3 f primers 
Incorporate a Spe X restriction site for insertion of 
the V„ DNA homolog into the phagemid Hc2 expression 
vector (Figure 4). 

\\ amplification primers designed to amplify 
30 human heavy chain variable regions are shown in Table 
S. One of the 3' heavy chain primer contains inosine 
residues at degenerate nucleotide positions allowing a 
single primer to hybridise to a large number of 
variable region sequences. Primers designed to 
35 hybridise to the constant region sequences of various 



IgG s£RH&a are also shmm in Table 6* 
(ii) % Frlmers 

The nucleotide sequences; encoding the v t 
cms are highly variable, However, there are several 
S regions of conserved sequences that f lank the V, cm 

domains including the d t , ¥ L framework regions and v t 
leader/promoter* Therefore, amplification primers 
were constructed that hybridised to the conserved 
sequences and incorporate restriction sites that allow 

10 cloning the amplified fragments into the phagsmid Lc2 
vector cut with Sac 1 and Xba I. 

for amplification of the V L CDS domains, the 5» 
primers (primers 1-8 in Table 6} ware designed to foe 
complementary to the first strand cBl?& in the 

15 conserved H~ terminus region. These primers also 

introduced a Sac I restriction endonuclease site t© 
allow the v v\ Wh homolog to be cloned into the 
pbagemid LeS expression vector « The 3 * V' k 
amplification primer (primer S in Table 6} was 

20 designed to he complementary to the mRNA in the j, 
regions and to introduce the Xba I restriction 
endonuclease site reguired to insert the V t DNA 
homoXog into the phagemid Le2 expression vector 
(Figure 6) . 

m Additional 3< v t amplification primers were 

designed to hybridise to the constant region of either 
kappa or lambda mRKA (primers 10 and 11 in Table 6) . 
These primers allow a tffih homolog to foe produced 
containing polynucleotide sequences coding for 

30 constant region amino acids of either kappa or lambda 
chain. These primers mate it possible to produce an 
Fab fragment; rather than an F y . 

The primers used for amplification of kappa light 
chain sequences for construction of Fabs are shown at 

35 least in Table 6. Amplification with these primers 
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was perfoxsaed in 5 separate reactions, each containing 
one of the S« priors (primers 3-6, and 12) and one ol 
the 3* Primers (primer 13). The remaining 3* priaer 
(primer 0} has been used to construct F v fronts. 
5 The 5» priors contain a Sac I restriction site and 

tlti e 3 ' primers contain a Xba I restriction .s.vte. 

V amplification primers designed to amplify 
human light chain variable regions of both the lambda 
and kappa isotypes are also shown in Table 6. 
10 All primers and synthetic polynucleotide 

described herein, including those shown in Tables 3-7 
were either purchased from Research Genetics in 
Huntsvilie, Alabama or synthesized on an Applied 
Biasystems DNA synthesiser, model using the 

15 manufacturer's instruction* 
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Tbe 19. priears listed in Tabl« S have &©en listed 
the Sequence Listing and feave. been assigned the 





following SEQ ID 


NO: 




(15 * s 


ESQ ID NO 


40 


s 


(2) KS 


SEQ. ID HO 


41 




(3) 


SEQ ID NO 


42 




(4) 


SEQ ID m 


43 




(5) « 


SEQ ID NO 


44 




(6) * 


SEQ id m 


45 


16 


(?) « 


SEQ ID NO 


4 6 




(8) ~ 


SEQ ID NO 


47 




(9) « 


SEQ ID NO 


m 




{10} *» 


ESQ ID NO 


49 




{111 


SEQ ID NO 


50 


15 


(12} 


SEQ ID NO 


51 






SEQ ID NO 


52 




(.13) - 


SEQ ID NO 


S3 




(14) * 


SEQ ID NO 


54 




{15} ■** 


SEQ ID NO 


55 




(16) « 


SEQ XD NO 


56 




im - 


SEQ ID NO 


m 




(IS) » 


SEQ ID NO 


m 



The 40 primers listed as »(l) ,f through «{40) M in 
25 Table 6 have also been individually and sequentially 
listed In the Sequence Listing beginning with SEQ ID 
m 59 through SEQ ID NO 98, respectively.. 
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Fitrophenyiphosphonanddate (dPH) was 
selected as the ligand for receptor binding in 
preparing a heterodiaeric receptor according to the 
aethoda of the invention, 

Keyhole limpet henocyanin (KLH) was conjugated • 
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hW to form a OTH-KLH conjugate used for immunising a 
mouse to produce an ant immune response **h5 
thereby provide a source of ligand specific 
hetsrodimeric receptor genes. 
s The NPN-XTJi conjugate was prepared by admixing 

250 ill of a solution containing 2.5 m ot HPH in 
di>ssfchylforBamida with 750 pi of a solution containing 
2 sag of KLH in 0.01 Molar (H) sodiuns phosphate; buffer 
(pH 7,2} . The two solutions were admixed by slow 

10 addition of the KFH solution to the KLH solution while 

the KLH solution was being agitated by a rotating 
stirring bar, Thereafter the admixture was maintained 
at 4*C for 1 hour with the same agitation to allow 
conjugation to proceed. The conjugated HFif~K£H. was 

IS isolated from the nomeonjugated NPH and KLM toy fal 

filtration through Sephadex G-25. The isolated HPN— 
Km conjugate was injected into mice as described 
&slow« 

Th& nm-KIM conjugate was prepared for in j action 

20 into mice fey adding 3.00 pg of the conjugate to 25D pi 
of phosphate buffered saline (PBS) . An equal volume 
of complete Freund' a adjuvant was added and emulsified 
the entire solution for 5 minutes. A 129 G m mouse 
was injected with 300 pi of the emulsion. Injections 

25 were given subcutaneous ly at several sites using a 21 
gauge needle, h second immunisation with KPN-KHH was 
given two weeks later. This injection was prepared as 
follows: SO micrograms (fig) of NPNHKLH were diluted 
in 250 pi of PBS and an equal volume of alum was 

30 admixed to the KPH-KLH solution. The mouse was 

injected i n t r aper i t onea 1 ly with 500 pi of the solution 
using a 23 gauge needle. One month later the mice 
were given a final injection f 50 oc of tne NPN-KLH 
Fox Iha«; infection 

35 was given intravenously in the lateral tail vein using 
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30 gauge, needle. Five days after this final 



inj actios tb* mice were sacrificed ami total cellular 
BKA was isolated from their spleens. 

-T&K&X cellular SNA was prepared from the spleen 
of a single, mouse immunised with KLH-HPN as described 
above usino the SNA preparation methods described toy 
Cho*c*yns3ci •* al. f ISlLlSSa,, jL«*:lM-»» (19B7) 
and using the SNA isolation kit {stratagene} according 
to the manufacturer's instructions. Briefly, 
ijamediately after removing the spleen trm the 
immunised mouse., the tissue was homogenised in 10 ml 
of a denaturing solution containing 4.0 H guanine 
isothiceyanate, 0.25 H sodium citrate at pH ?.u, and 
0.1 H toeta-mareaptoethanol using a glass homogenizer . 
One ml of sodium acetate at a concentration of 2 M at 
pH 4.0 was admixed with the homogenised spleen. One 
ml of phenol that ted Been previous ly saturated with 
H^p was also admixed to the denaturing solution 
containing the homogenised spleen. Two ml of a 
chloroform; isoamyl alcohol (24 a v/v) mixture was 
added to this homogsnate. The homogenata was mixed 
vigorously for ten seconds and maintained on ice for 
IS minutes. The homogenata was then transferred to a 
thick-walled 50 mi polypropylene centrifuges tube 
(Wisher Scientific Company, Pittsburg, PA). The 
solution was cantrifuged at 10,000 x g for 20 minutes 
at 4*C. The upper SNA-containing aeneous layer was 
transferred to a fresh 50 mi polypropylene centrifuge 
tube and mixed with an egual volisme of is ©propyl 
alcohol. This solution was maintained at ~20«C for at 
least one hour to precipitate the SNA. The solution 
containing the precipitated SNA was centrifngsd at 
10,000 x g for twenty minutes at 4"C. The pelleted 
total cellular SNA was collected and dissolved in 3 mi 
of the denaturing solution described above. Three mi 
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of isopropyl alcohol was added to the re'-suspended 
total cellular RNA and vigorously mixed* This 
solution was maintained at ~2 0*c for at least 1 hour 
to precipitate the mh. The solution containing the 
precipitated EN A was centrifoged at 10,000 x g for ten 
jtiinut.es at 4*C. The pelleted RHA was cashed once with 
a solution containing 75% ethanol. The pelleted ENA 
was dried under vacuum for IS ssinutes and then re- 
suspended in dimethyl pyrocarbonata (DEPC) treated 
(DEPC-HjO) H 2 0. 

Messenger SKA (mENA) enriched for sequences 
containing long poly A tracts was prepared from the 
total cellular HHA. using methods described in 
Itjeou - ; Kan i at is en 

al., ©ds. t Cold Spring Harbor, Wi, (1S82) . Brief lyb 
one half of the total ENA isolated from a single 
immunised xsouse spleen prepared as described above was 
resaspended in one »X of DEEC-H^O and maintained at 
SS 8 C for five minutes, one »X of 2k high salt loading 
buffer consisting of xoo s&K TrisHSCX (Trim 
rhydroxymstby 1 1 ardnosethane hydrochloride} , 1 K 
sodium chloride (NaCl) , 2*0 m disodium ethylene 
diamine tetraacetic acid (SDTA) at pH 7.5, and 0,2% 
sodium dodecyl sulfate (SDS) was added to the re- 
suspended SNA and the mixture allowed to cool to room 
temperature. The mixture was then applied to an 
oligo-dT (Collaborative Research Type 2 or Type 3} 
column that was previously prepared by washing the 
oligo-dT with a solution containing 0,1 H sodium 
hydroxide and 5 mH EDTA and then equilibrating the 
column with DEPC-H-O. The eluate was collected in a 
; ts - i 1 s- - c pro| u t\ oe and reapplied to the same 
colunn after hearing the eluate for 5 rirrcr.es at -v5 c C. 
The oligo-dT col-urn was than washed with 2 mi of high 
salt loading buffer consisting of SO mK Tris-HCi,- pH 
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T.S, 500 iaM sodium chloride 1 mM EDTA at pK 7.5 and 
0.1% SDS. The oXigo dT column «s then vashed vith 2 
mi of 1 X medium salt, buffer consisting of 50 ssM Tris- 
HCX, pH f*5 t 3UW i * ^ SDS * The 

messenger RNA vas elured trots the oligo-dT column with 
i ml of buffer consisting of 10 m Tris~KCl, pH 7.5, X 
~M EDTA, at pK 7.S, and 0.05% SDS. Tho messenger PdiA 
vas purified by extracting this solution with phenol/ 
chloroform followed by a single extraction vith 100% 
chloroform. The messenger RNA was concentrated by 
et.ha.nol precipitation and rasuspendad in DEPC I%0, 

The messenger m& (vmk) isolated by the above 
process contains a plurality of different feeding 
polynucleotides , i.e.., greater than about 10 
different ^-coding genes, and contains a similar 
number of ^-coding genes. Thus, the tmth population 
represents a repertoire of variable region-coding 
genes 

c. preparation... .o.f^M.^So«la51 

Xn preparation for PGR amplification f mRNA 
prepared above is used as a template for eDNA 
synthesis by a primer extension reaction, in a 
typical 50 |tl transcription reaction, S-XG ftq of 
spleen asK& in water is first hybridised (annealed) 
with 500 ng (SCO pmol.) of the 3* V 8 printer {primer 
X2A, Table 5), at S5C for five minutes, subsequently, 
the mixture is adjusted to 1.5 mH mm, dCTP, dSTP and 

dT'rP, 40 m Tris-ECl, pH 8,0, 8 BM MgCl 2 , SO SaH HaCX, 
and 2 %M spermidine. .Moloney-Kurine Leukemia virus 
Reverse transcriptase {Stratagems} , 36 units,, is added 
and the solution is maintained for 1 hour at 37*C. 

PCR amplification is performed in a 100 pi 
reaction containing the products of the reverse 
transcription reaction (approximately 5 ug of the 
cD^A/HKA hybrid}, 300 ng of 3 l v. primar {primer 12A 
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©f Table 5) , 3 00 ng each of the S* V H primers 
(primers 2- JO of Table 5} 200 m. of a mixture of 

(SNTP'S, SO mM KCl, 10 SUM Tris~HCl pH 8.3, IS mM MgCXg, 

0,1% gelatin and £ units of Imim aqua t feus (Tag) 

s DKA polymerase { Perk in-Eliaer-Cetus , Emeryville, 

California) , The reaction aixture is overlaid with 
mineral oil and subjected to 4 0 cycles of 
amplification. Each amplification cycle includes 
denature tiers at §2«e for 1 minute, annealing at 52 *C 
10 for 2 minutes and polynucleotide synthesis by primer 
extension (elongation) at 72*C for 1,5 minutes . The 
amplified! V^coding DNA homo log containing camples are 
then extracted twice with phenol /chloroform, once with 
chloroform, athanol precipitated and are stored at >. 
15 70 *C in 10 m Tris-BCX, pH ?.5 ( and 1 m £PTA« 

Using unique 5* primers (2~S, Table 5) f efficient 
v H -«coding Wh homoiog synthesis and amplification from 
the spleen mEh'A is achieved as shown by agarose gel 
electrophoresis* *£he amplified cDHA (V H -coding fcpt 
2 0 hooolog) was seen as a major hand of the exi 

(360 bp). , The amount the atsplif ied ^-coding 
polynucleotide fragment in each reaction is similar, 
indicating that all of these primers were about 
equally efficient in initiating amplification* The 
25 yield and quality of the amplification with these 
primers is r&pro&Mcihl®. i 

The primer containing inosine also synthesizes 
amplified V^-coding BKA homoiogs from spleen mPh'A 
reproducibly, loading to the production of the 
30 .expected sised fragment, of an intensity similar to 
that of the other amplified cDNAs, The presence of 
inosine also permits efficient DNA homoiog synthesis 
and amplification, clearly indicating that such 
primers are useful in generating a plurality of vi- 
sa coding DNA homoiogs. Amplification products obtained 
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from the constant region primers (priors 11 ana 13, 
Table 5} axe mare intense indicating that 

, „.> «,#-f -tiri^n-fc possib.lv because of 

a higher degree of homology between the template end 
^ p^ars. Following the above procedures, a y^coding 

* ?me library is constructed from the products of eight 
amplifications, each performed with a different 5» 
primer, Egaal portions of the products fro® each 
primer extension reaction are mixed end the mixed 

1.0 product is then used to generate a library of 

coding pm homoleg-eentaining vectors. 

m& homoiogs of the % are also prepared from the 
purified ssSNA. prepared as described above, In 
preparation for PCR amplification, mHHA prepared 

IS according to the above examples is used as a template 
for cDHA synthesis, in a typical SO ,al transcription 
reaction, 5-10 eg of spleen JS8NA in water is first 
annealed with 300 n-g {50.0 pacl) of the 3 f \ primer 
(primer 14, Table 5} , at €5°$ tar five minutes. 

20 Subsequently , the mixture is adjusted to 1,5 m dATP, 
dCTP, dSTP, and &TTP f 40 aH Tris-HCl, pH 8,0, $ m 
MgCX 2 , 50 bH Had, and 2 ssK spermidine, Moloney- 
Murine Leukemia virus reverse transcriptase 
CStratagene) , 26 units, is added and the solution is 

25 maintained for X hour at 37 *C. <Zh& PCR amplification 
is performed in a 100 #1 reaction containing 
approximately 5 fig of the cmk/msk hybrid produced as 
described above, 300 ng of the 3* \\ primer {primer 14 
of Table 5) , 300 m of V \ P^ sr (P r:l55)er 16 of 

30 Table 5), 200 m of a fixture of dNTP's, 30 mM KCl ? 10 

m Tris-BCl, pH 8.3, 15 3aH KgCl z , 0.1% gelatin and 2 
units of Tag DMA polymerase. The reaction mixture is 
overlaid with mineral oil and subjected to 40 cycles 
of amplification. Each amplification cycle includes 

35 denaturation at &2*c for 1 minute, annealing at S2»C 



for 2 minutes and elongation at ?2*C for 1.3 minutes. 
The amplified samples are then extracted twice with 
phenol/ chloroform, once with chloroform, ethanol 
precipitated and are stored at ~?0»C in 10 ms Tris- 
S SCI, 7«S and 1 jsM EPTA.' 

Impression Vector 

To prepare an expression library enriched in 
V H sequences, DKA homoXogs enriched in % sequences 
10 are prepared according to Example 2c using the same 

set of 5* primers but with primer I2A (Table. 5) as the 
3* primer- The resulting pCP amplified products (2,5 
Mg/30 Ml of 150 m HaCl, a m Tris-KCi, pH 7.3, S ssM 
KgSO A , 1 m DTI , 200 /ig/mi USK) are digested at 37C 
IS with restriction ensymes Xho I (125 units) and spe l 
(125 units) . In cloning experiments which required a 
fixture of the products of the amplification 
reactions , equal volumes (SO fti, 1-10 ^g 
•• concentration) of each reaction mixture are combined 
20 after amplification hut before restriction digestion. 

The v„ homology are purified on a 1% agarose gel using 
the standard electroelution technique described in 
MX^jXML^^ m ^M^^^LMMmM X j Haniatis et 
al. , eds, ( Cold Spring Harbor, NY, {1382) . After gel 
25 electrophoresis of the digested PCR amplified spleen 

mMA, the region of the gel containing DPA fragments 
of approximate 350 bp is excised, eiectroeiuted into a 
dialysis jxanhrane,, ethanol. precipitated and 
resnspendes in a TE solution containing 10 m Tris- 
30 HCl f pH 7.5 and 1 KM EDTA to a final concentration of 

50 ng/pi. The resulting V K DNA homo logs represent a 
repertoire of polypeptide genes having cohesive 
termini adapted for directional ligation to the vector 
I..3^o::;e Hc2 , These, prepared „ &RA bomologs are then 
35 directly inserted by directional ligation into 
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linearised lambda Ho2 expression vector prepared as 
described below. 

The Lambda Hc2 expression DKA vector is prepared 
for inserting a DKA fcoaolog by admixing 100 m of this 
,3 Dm to a solution containing 250 units each of the 

restriction endenueleasas Xho I and Spa I (both from 
Boahringer Mannheim, Indianapolis; .IK) and a teffer 
recommended fey the masaf acturer - This solution is 
maintained at 37 from 1.5 hours. The solution is 

10 heated at SS*C for 15 minutes top inactivate the 

restriction endonuc leases . The solution Is chilled to 
30 *s and 25 units of heat tillable (HK) phosphatase 
(Epicenter, Madison, m) and CaCX £ is admixed to it 
according to the manufacturer's specifications* This 

15 solution is maintained at 30 *C for 1 hour. The SNA is 
purified m mbxvcmg the solution with a mixture of 
phenol and chloroform followed toy ethanoi 
precipitation. The Lambda He2 expression vector is 
now ready for ligation to the V„ DKA homologs prepared 

20 in the above examples. These prepared \\ WA homologs 
are then directly inserted into the Xho I a«d Spa i 
restriction digested Lambda Kc2 expression vector that 
prepared above by ligating 3 soles of V 8 . DNA homolog 
inserts with each mole of the Hc2 expression vector 

25 overnight at 5*c. Approximately 3.0 x 10* plague 
forcing units are obtained after packaging the DKA 
with Gigapaeh XI Bold {Stratagene) of which 50% are 
recombinants. The ligation mixture containing the % 
DKA homologs are packaged according to the 

30 manufacturers specifications using Gigapaeh Gold XX 
packing Extract (Stratagene) . The resulting Lambda 
Hc2 expression libraries are then transformed into 
XLl-Blue cells. 

To prepare a library enriched in \ sequences, 
3 5 PCE amplified products enriched in \ sequences are 



prepared, according to Example 2c. These v t m& 
homologs are- digested with restriction ensyjaes Sac X 
and Xba I ana %he digested ¥ L m& homolegs are 
purified on a 1% agarose gel as described above for 
the v B ona homologs to form .a repertoire of V t - 
polypsptida genes adapted for directional ligation. 
The prepared v t CSA homologs are then direetionaliy 
ligated into the Lambda Lc2 expression vector 
previously digested with the restriction ehsymes t Sac 
I and XJba I as described for Lambda Bc2. The ligation 
fixture containing the V, DNA homologs is packaged to 
form a Lambda Lc2 expression library as described 
above and is ready to be plated on XLX-Bl«e cells, 

e> \ ^^lltJP Bgmplogs .,&n, 

ct.er 

The construction of a library containing 
vectors for expressing two eistro-ns that express heavy 
and light chains is accomplished in two steps. In the 
first step, separate heavy and light chain libraries 
are constructed in the expression vectors Lambda He2 
and Lambda Lc2, respectively, as described using gene 
repertoires obtained from a mouse immunised with 
KLK« In the second step,- these two libraries are 
combined at the antisymmetric EcoR I sites present in 
each vector. This resulted in a library of clones 
each of which potentially co-expresses a heavy and a 
light chain. The actual combinations ere random and 
do not necessarily reflect the combinations present in 
the B-cell population in the parent animal. 

The spleen mRNA resulting from the above 
i " v t - and used to 

create a primary library of V H gene sequences using 

contains 1.3 x 10* plague-forming units (pfu) and can 
be screened for the expression of the decapeptida tag 
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clones expressing 



sequence for this peptide 



to determine the percentage 
and C H 1 (*&5 sequences, Ths 
is only i» trm* expression following the cloning 
of a Fd (or v H ) fragment into the vector, At least 
80* of the clones in the library express m fragments 
based on immunodetection of the decapeptide tag, 

The light, chain library is constructed in the 
same way as the heavy chain and contains 2.S x 10* 
members. Plague screening, using an anti-kappa chain 
antibody, indicates that £0% of the library contained 
express light chain inserts. & small percentage of 
inserts results from incomplete dephosphorylation of 
vector after cleavage with Sac X and Xba X. 

Once, obtained, the two libraries are used to 
construct a combinatorial library by crossing them at 
the BcoS X site. To accomplish the cross, DNA is 
first purified from each literary. 

The Lambda Le2 library prepared in Example 2d is 
amplified and. BQO pg of Xonbda Lc2 expression library 
phage DMA is prepared from the amplified phage stock 

using the procedures described in Mel ^ mlar, Cloning^ 

h factory Manual.. Maniatis et al. , ads,. Cold 
Spring Harbor, m (1582) . Fifty pg of this amplified 
expression library phage TMK is maintained in a 
solution containing 100 emits of HLu X restriction 
endonuelea.se (Boehringer Mannheim, Indianapolis, n?) 
in 200 al of a buffer supplied by the andonueleasa 
manufacturer for 1.5 hours at 37*0. The solution is 
then extracted with a mixture of phenol and 
chloroform. The DKA is then ethanol precipitated and 
in 100 pi of water.- This solution is 
. with IDO units of the restriction endonuo lease 
BcoE X (Boehringer) in a final volume of 200 ul of 
buffer containing the components specified by the 
manufacturer. This solution is maintained at 3?»C for 
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1x5 hours and the solution is then extracted with a 
mixture of phenol and chloroform. The DNA was ethane! 
precipitated and the DNA resuspended in TE. 

The l&*m& Hc2 expression library prepared in 
S Example 2d is amplified' and 500 .ug of Latabda Hc2 

expression library phage DNA is prepared using the 
methods detailed above. 50 Mf df this amplified 
library phage DKA is maintained in a solution 
containing 100 units of Hind III restriction 
id endonuclease <Boehr infer) in 200 (il of a buffer 

supplied by the andonocleass manufacturer for 1.5 
hours at 37*C The solution is then extracted vith a 
•mixture of phenol and chloroform saturated with 0.1 K 
Tris-HCi, pH 7.5. The BNA is then ethanol 
15 precipitated and re-suspended in 100 pi of water. 
This solution is admixed vith 100 units of the 
restriction endonuclease EeoE I (Soahringar) in a 
final volume of 2'©0 Mi of buffer containing the 
components specified by the manufacturer. This 
20 solution is maintained at 37 *c for 1,5 hours and the 
solution is then extracted vith a mixture of phenol 
and chloroform, The DNA is ethanol precipitated and 
the DMA re-suspended in TE. 

The restriction digested Ho2 and LcZ expression 
25 libraries are iigated together. To that end, a DBA 
admixture consists of 1 ug of Ho2 and I ug of Lc2 
phage library DNA is prepared in a 10 al reaction 
using the reagents supplied in a ligation Kit 
(Stratagene) « The DNA admixture is warmed to 45 9 c for 
30 5 minutes to xaelt any cohesive termini that may have 

: i&aled. Th.T ; c " ; 1 } " a to 0«C re 

prevent relj.gaxion. Bacteriophage T4 DNA ligass (0.1 
Weiss units which is equivalent to 0.02 units as 
determined in an sxon&claase resistance assay) is 
35 admixed into the chilled DNA solution along vith 1 pi 



wo mmm 



-130- 

of 5 m ATP and X jO. MX bacteriophage T4 »* ligase 
is prepared by admixing 200 mM 



•SO ^ HgCI,, 50 mK DTT, and 500 



buffer (3.-0X buf 
Tris-HCl, pH 7* 
^q/ml BSA) to form a ligation admixture. After 
ligation for 16 for at 4*c, X Ml of the Xigated the 
phaqe OKA is packaged with Gigapaeh Gold XI packaging 
' - ract and plated on XLI-Blue colls prepared 
according to the manufacturers instructions to form a 
Lambda phage library of dieistronie expression vectors 
capable of expressing heavy and light chains derived 
from the NFH-ix^aniaed mouse. A portion of the clones 
obtained are used to determine the effectiveness of 
the combination, 

f. flection of ».nti~Ml^e^ ,stjmJ^ ^erp^^Xr, 
ffyodtscing. D 1 c 1st rjon.: r^?c&a££ 
The combinatorial fab expression library 
prepared above in Example 2a was screened to identify 
clones having affinity for *m« To determine the 
fregusmcy of the phage clones which co-expressed the 
light and heavy chain fragments, duplicate lifts of 
the light chain, heavy chain and combinatorial 
libraries were screened as above for light and heavy 
chain expression. In this study of approximately 500 
recombinant phage, approximately 60% co-expressed 
light and heavy chain proteins. 

All three libraries, the light chain, the heavy 
chain and the combinatorial, were screened to 
determine if they contained recombinant phage that 
expressed antibody fragments which hound In a 

typical procedure 30,000 phage were plated on XLX~Blue 
cells and duplicate lifts with nitrocellulose were 
screened for binding to KPN coupled to Us I labeled 
BSA. The BSA was iodinated following the Chloramine-T 
method as described by Bolton et al*, glg c h e m,, , 
X33?529~o3 4 {1973} . Duplicate screens of 80,000 
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r^oafeinant pfcage from' the light chain literary and a 
similar' number from the heavy chain library did not 
identify any clones which bound the antigen. In 
contrast, the screen of a similar number of clones 
5 fro® the Fab expression library identified many phage 

plagues that bound MPbb This observation indicates 
that under conditions where many heavy chains in 
combination with light chains bind to antigen the same 
heavy or light chains alone do not* Therefor®, in the 
10 case of mn f it is believed that there are many heavy 
and light chains that only bind antigen when they are 
combined with specific light and heavy chains, 
respectively ♦ 

To assess the ability to screen large numbers of 
IS clones and obtain a more quantitative estimate of the 
frequency of antigen binding clones in the 
combinatorial library, one million phage plagues were 
screened and approximately too clones which hound to 
antigen were identified. For six clones which were 
20 believed, to bind Wm f a region of the plate containing 
the six positive and approximately 20 surrounding 
bacteriophage plagues was selected and each plague was 
cored, replated, and screened with duplicate lifts. 
As expected, approximately one in twenty of the phage 
2 5 specifically bound to antigeru Cores of regions of 

the plated phage believed to be negative did not give 
positives on replacing. 

Clone 2b, one of the plagues which reacted with 
was excised according to an in vivo excision 
30 protocol where 200 ,sl of phage stock and 200 pi of a 
F* derivative of XLl-Biue {h m ** 1„ 00) (Stretsgene) 
were admixed with 1 pi of H13^pS helper phage {1 X 
10 ? ° pf u/milliliter (ml) ) and maintained at 3?*C for IS 
minutes. After a four hour maintenance in Luria- 
35 Bertani ( LB } medium and besting at ?o*c for 20 minutes 
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to heat kill the XLl-Blue cells, the ph&gemids were 
re-infected into XLl-Blue cells and plated onto LB 
elates containing aapicillin. ^is procedure 
converted the cloned insert fro* the Lambda Zap 11 
vector into a. plasmid vector to allow easy 
manipulation and sequencing {Stratagenej . The 
pfcagemid DKA encoding the V H and part of the v t was 
mined by mh sequencing tisisg the Sanger 



dideoxy method described in Sanger at al. , Vr ac. Afc^ 
10 Acad. Box,., ?4: 5463-546? (1911} using a Sequenase fcit 
according to manufacturer^ instructions (OS 
Biochemical corp.* Cleveland, Ohio) . The nucleotide 
residue sequence of Clone 2b Fd chain is listed in the 
Sequence Listing as SEQ. XD NO 99. The nucleotide 
23 residue sequences of the kappa light chain variable 
and constant regions are listed in the Sequence 
Listing as 5EQ XD HO XQO and SBQ ID NO 101, 
respectively, 

g, -P^syafclon ^ *, pvx Sequence EnsafliBflL* 

2D j^ijMBaiite^^ 

Anchor 

MIIIJg^me...MP¥X ♦ KlSapiS, a 
commercially available bacteriophage vector 
(Pharmacia, Fiscatavay, Hew Jersey), was used as a 

25 source for isolating the gene encoding epVXII. The 
sequence of the gene encoding the membrane anchor 
domain of cpVIXI listed in Sequence Listing as SSQ ID 
NO 102, was modified through PCR amplification to 
incorporate the restriction endonuelease sites, Spe X 

30 and EcoE X, and two stop codons prior to the EcoR I 
site. The corresponding amino acid residue sequence 
of rhe membrane anchor domain of cpVXII is listed as 
SBQ XD HQ 1?- 

?© prepare a modified cptTil,. replieative for® 

35 DPA from Ml3japX8 was first isolated, Briefly, into 2 
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ml of LB (Luria-Eertani medium) t SO pi of a culture of 
a bacterial strain carrying an F 9 episode (JM107, 

or Tax) was admixed vitb. a one tenth suspension 
of bacteriophage particles derived free a single 
plaque. The adr.ixt.nre was incubated for 4 to 5 hours 
at 3?*C with constant agitation, The admixture was 
than centrifuged at 12 , 00 o x g for S minutes to pallet 
the .infected bacteria. After the supernatant was 
removed, the pellet, was rasuspanded by vigorous 
vortexing in 100 pi of ice-cold solution X. Solution 
I was prepared by adnixing SO iM glucose,. 10 mM BDTA 
and 2 5 rtM Tris-HCl f p« 0.Q, and autoclaying for 15 
minutes. 

To the bacterial suspension, 200 pi of freshly 
prepared Solution n was admixed and the tube was 
rapidly inverted five times. Solution IX was prepared 
by admixing 0,2 H H&OB and 1% JSD-S, To tho bacterial 
suspension, ISO pi of ice-cold Solution XII was 
admixed and the tube was vortexes gently in an 
inverted position for 10 seconds to disperse Solution 
XIX through the viscous bacterial lysate. Solution 
XIX *?as prepared by admixing SO ml of s H potassium 
acetate, XI. 5 ml of glacial acetic acid and 28. 5 ml of 
wafer. The resultant bacterial lysate was then stored 
on ice for B minutes followed by centrif ugation at 
12,000 x g for 5 minutes at 4*C in a microfuga. The 
resultant supernatant was recovered end transferred to 
a new tube, To the supernatant was added an equal 
vol is i ^chloroforms and the admi tnre was 

vortex* s triruq 



ana the double-stranded bacteriophage DP A was 
precipitated with 2 volumes of ethanol at room 
temperature, After allowing the admixture to stand at 
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room temperature for 2 ainutes, the admixture was 
centrifuge* to pellet tns DKA. The supernatant was 
removed arid the pelleted replicative form DNA was 
^suspended in 25 # Tris~BCi, P H 7.6, and ID m 

S EB» (TE) - 

The double-stranded MX3»pl8 replicative form DNA 
was than used as a template for PCS. Primers, AK 5 
(SEQ ID NO 103| and AK fi (SHQ ID HO 104), the 
sequences of which are listed in Table 7 below., were 
X0 used in the PCJR reaction to amplify the mature gene 
for cpVXXX member anchor domain and incorporate the 
two cloning sites, Spa X and EcoR I* Tor the BCR 
reaction, 2 *1 containing i ng of MX3mpXS replicative 
form 3>NA was admixed with 10 jiX. of 10X PCR buffer 
15 purchased commercially (Proaega Biotech, Madison, 
Wisconsin) in a a.S ml microfuge tube. To the SNA 
admixture, 8 #1 of a 2*5 m solution of dHTPs (&ATP, 
dCTP f dGTP, dTTP) was admired to result in a final 
concentration of 200 micromciar C«H) . Three pi 
20 (equivalent to SO pieoBoles (pH) } of the S f forward AK 

5 primer ana I Ml (60 pH) of the 3 5 backward AK 6 
primer was admixed into the BKA solution. To the 
admixture, 73 ,ul of sterile water and X fil/5 units of 
polymerase (Promega Biotech) was added. Two drops of 
25 mineral oil were placed on top of t&e admixture and 40 
rounds of PCR amp 1 if i cation in a thermocycler were 
performed. The amplification cycle consisted of S2*C 
for 2 minutes, 72 °c for X.5 minutes and 91* c for 2 
minutes. The resultant PCR modified opVIXI membrane 
30 anchor domain DNA fragment from HX3mpl8 containing 

samples were then purified with Gene Clean (3XO10X, La 
Jolla, California) , extracted twice with 
phenol/chloroform, once with chloroform followed by 
athanoi precipitation and were stored at ~7G*C in 10 
35 aM Tris-HCl, pH 7.5, and X mM EDTA~ 
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{103} 5 
{104} 2 
(105} 3 
(106) 4 
{107) 5 

{AGS} 6 

(105} 7 

(1105 s 

(±25)$ 



AX S (P) 

KK & (B) 

HC 3 {F} 

AK ? (B} 

o~3 m 



IAC-B 
LAOS ! 



TablA...! 



ACTCGAA1-TCTATCAGCTTGCTTTCGAGGTGAA 3 » 
AGSyCCAGCTTCTQSMiTCTGS 3 5 
S3£&££ i£&C 3 ! 

GAG A CG ACX^^g^2£SSQ5 : ^^^C^S£ 

TTACT ; ~ V.™ A" ~ -d . v d-\ 1 



^Xij^XASga.STMCACGACAGGTTTCCCGAC 
TGS 3* 

ACCGAG : 3 C 3 s 

AGCrGCTSM^-tSO To AAA2 TvTTATCCCCT 3 * 



F Forward Primer 
B Backward Primer 

1 From 5' to 3 * ? fcbe overlapping sequence f or C^l 3 } 
end is double underlined; the Spe I restriction 
site, sequence is single underlined? the overlapping 
sequence for cpVXXI is double underlined. 

2 ScoR I restriction site sequence is single 
underlined 

3 Xho I restriction site sequence is underlined 

4 Arcs S" -co 3 s ; the overlapping sequence for cpVIII 
is double underlined? the Spe I restriction site 
sequence is single underlined; the overlapping 
sequence for C s l 3 ! end is double underlined, 

6 From 5' to 3 ! ; Khe I restriction site sequence is 
single underlined; the overlapping sequence with 3 ! 
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and of cpXXX is double under lined. 

7 From 5 s to 3*; overlapping sequence with the 3' 
end of cpXXX is doubles underlined ? Nbe I 
restriction sequence begins with the .nucleotide 
residue *s« at position 4 end extends 5 more 
residues ~ GCTAGC. 

a ScoR I restriction site sequence is single 
underlined- 

9, Alternative backwards primer for amplifying Lac2; 
Bcc-H 1 restriction site sequence is single 
underlined. 



To verify amplification of the xsodified cpVTO 
membrane anchor doiaain, the i 5 CR purified am products 
were electrophoresed in a 1* agarose gel. The 
ejected size of the cpVXXX was approximately ISO base 
pairs* The area in the agarose containing the 
modified epYXXX » fragment was isolated fress the 
agarose as described above. The sequence of the 
isolated modified efcWXSE « fragment is listed as SEQ 
ID HO ill, The isolated cpVXXX DNA fragment was then 
admired with a similarly prepared fragment of modified 
Fd as described below in Example 2i in order to fern a 
DNA segment encoding the fusion protein Fd~cpYXXI . 

ipffTT Membrane Anchor: MX3mpX8 was also used as 
a source for isolating the gene encoding the membrane 
anchor domain at cpXXX, the sequence of which is 
listed in the Sequence Listing as SEQ ID NO %XZ* The 
amino acid residue sequence of menbrane anchor domain 
cpXXX is listed in SEQ ZD MO 161 KX3mpXS repiicative 
form DBA was prepared as described above and used as a 
template for two ?CR amplifications for construction 
of a m& fragment consisting of the stature gene for 
cpXXX membrane anchor domain located 5' to a sequence 
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encoding the Lac2 promoter, operator and cap-binding 
sits for controlling light chain expression. The 
restriction sites, Spe I and EcoR X, were created in 
the amplification reactions and were located at the 5 ! 
§ and 3* ends of the fragment respectively. The 

procedure for creating this fragment by combining the 
products of two separate PCR amplifications is 
described below. 

The primer pair, G~3(F) (SEQ ID NO 10?) and G~ 
10 3(B) (SZQ ID HO 108) listed in Table 7, was used in 

the first PGR reaction as performed above to amplify 
the apXll membrane anchor gene and incorporate Spe 1 
and Nhe I restriction sites into the fragment. The 
amplified PGR fragment also contained nucleotide 
15 sequences for encoding a five amino acid tether 

composed of four glycerine residues and one serine 
juxtaposed between the heavy chain and cpIXX encoding 
domains* Once expressed t the five amino acid sequence 
lacking an orderly secondary structure served to 
10 minimise the interaction between the r&h ana cpXII 
domains. The resultant FCP modified epXXl Dm 
fragment, having Spe I and Nhe X sites in the s * and. 3 * 
ends, respectively f of the fragment was verified and 
purified as described above. The sequence of the PCR 
25 modified cpXII membrane anchor domain DNA fragment is 
listed in the Sequence Listing as SEQ ID NO X13. A 
second PCR amplification using the primer pairs, Lac~F 
(SEQ XD HO IDS) and Lac~B (SEQ ID NO 110} listed in 
Table 7, was performed on a separate aliquot of 
30 KilnplB rsplioativ* form tamp I ace tm to amplify the 
LaoS promoter, operator end Cap-binding site having a 
5* Nhe 1 site and a 3 ! EcoR I site. The primers used 
for this amplification vera designed to incorporate a 
Nhe X site on the 5' end of the amplified fragment to 
35 overlap with a portion of the 3' end of the epXXl gene 
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fragment and of the Hhe 1 site 3* to the amplified 
cpIIX fragment. The reaction and purification of < 
described above. The 



PCR product was perf orm 
sequence of the resultant M Modified cpXXI 
5 fragment having a S< She X and 3> BcoF. I restriction 

site is listed in the Sequence Listing as SKQ ID NO 

An alternative LacHB primer for use in 
constructing the eplIX xaemhrans anchor and Laos 

10 promoter region was Lae~B* as shown in Table 7. The 
amplification reactions were performed as described 
above with the exception that in the second PCX 
amplification, Lac-B * was used with L»c~P instead of 
Lac-B. The product from the amplification reaction is 

15 listed in the sequence listing as SSQ ID HO 114 from 

nucleotide position 1 to nucleotide position 172. The 
use of Lac-B' resulted in a LacX region lac&inc; 29 
nucleotides on fee 3 ' end M was functionally 
eg;cival.ant to the longer fragment produced with the 

20 Lac-F and Lae-B primers. 

The products of the first and second PCR 
amplifications using the primer pairs 6-3 (P) and 6~ 
3(B) and Lac-F and Lac~B were then reconhined at the 
nucleotides corresponding to epIII menbrane anchor 

2S overlap and She I restriction site and subjected to a 
second round of PCR using the G3~F (SBQ IP NO 107} and 
Lac~3 (SEQ ID KG 110} primer pair to form a recomhined 
PCR W& fragment product consisting of the following: 
a S» Spe I restriction site; a cpXXI DNA membrane 

30 anchor domain beginning at the nucleotide residue 

sequence which corresponds to the amino acid residue 
198 of the entire mature cpZXX protein; an endogenous 
stop site provided bv the membrane anchor at amino 
acid residue number 112; a i*he 1 restriction site, a 
35 Lac2 promoter, operator and Cap-binding site sequence; 
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and a 3 ! EeoR I restriction site, The recomhined PCF. 
modified cpIXI membrane anchor domain OHA fragment was 
then restriction digested with Spe i and EcoR I to 
produce a DN& fragment for directional ligation into a 
5 peomb2 phageesid expression vector having only one Spe 
I site prepared in Example Xmfiv) to form a jpCos&a-XXX 
{also referred to as peomfo'2-IXX) phagesdd expression 
vector as described in Example Ifc(ii) . 

h , Isolation of Ant i -NPN Cod iijg,,,V ?; ...ai!?^...g^^ent 

10 To prepare modified Fd fragments for 

recombination with the PGR modified cpVIXX membrane 
anchor domain fragment to form a Fd-cpVXXX DKA fusion 
product, PGR amplification as described above was 
performed using Clone 2b, prepared in Example £f , as a 

IS template, The primers, Hc3 (SEQ ID m IDS) and M 7 
{SBQ ID HO 106) , the sequences of -which are listed in 
Table 7, were used in PGR to amplify the Fd portion of 
the Clone 2b and incorporate Xho I and Spa I cloning 
sites along with a cpvux overlapping sequence. The 

20 amplified PGR modified Fd product was purified, 

electrophoreses and isolated from 1% agarose gels as 
described above, fhe size of the Fd fragment was 680 
base pairs . 

i - S!5jisti^ Of a DM,,$eg^ent,,,,,£ncpdi,ng,,,,a 

25 >* „ 

The purified PGR modified Fd DNA fragment 
containing cpVIII overlapping nucleotide sequences 
prepared above was then admired with the PGR modified 
cpvin membrane anchor domain fragment to form an 
30 admixture. The fragments in the aamixhure were 

allowed to recomhina at their complementary regions, 
1 ne a c 5- 

was then subjected to a second round ef PCS 
amplification as described above using the end primer 
35 pair &K 6 (SEQ ID NO 104} and Hc3 (SZQ XD MO 105} 
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(Table 7} , The corresponding product of the FCR 
amplification was purified and electrophoreses on 
agarose, gels as described above. The PCR product was 
determined to be approximately 830 base pairs (Fd - 
680 + 130} confirming* the fusion of Fd with cp?XXX> 
The sequence of the PCR product linking the , Fd 
sequence with the cpVXXX sequence in frame in a s * to 
3' direction is listed as SEQ XD NO US. The Fd~ 
cpVXXX fusion product vas then used in directional 
ligations described in Example 2j for the construct ion 
of a. pCBAX8-2b dicietronic phagemid expression vector, 
j. Construction of pCBAKg~2h. OlciStrflft iffi. 

To construct a phagemid vector for the 
coordinate expression of a Fd~epVXXX fusion protein 
with kappa light chain, the PCR amplified Fd~epVXXX 
fusion product prepared in above in Example 2i was 
first ligated into Clone 2b phagemid expression vector 
isolated from the KPM combinatorial library prepared 
in Example 2f . For the. ligation, the Fd-epVXXX FCH 
fusion product vas first restriction digested .with Xho 
1 and BcoR x» clone 2b phagemid vector was similarly 
digested resulting in the removal of the cloning and 
ons . Tl 11 fragment 

was admixed and iigated into the digested Clone 2b at 
the cohesive termini generated by Xho X and BeoR I 
restriction digestion. The ligation resulted in 
operatively linking the nucleotide residue sequence 
encoding the Fd-opVXXX polypeptide fusion protein to a 
second cassette having the nucleotide residue 
sequences encoding the ribosoma binding site, a pelB 
leader sequence and the kappa light chain already 
present in Clone 2b to form a dieistronie DHA molecule 
in the original Clone 2b phagemid expression vector. 
>::.. eoli, strain TGI , was then transformed with 
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the phagemid containing the dicistronic DHA molecule 
and- transfonaaists were selected on ampicilixn as the. 
original Clone 2b contained an asapiciliin selectable 
resistance marker gene. For high efficiency electro- 

S transformation of g... coll, a 1:100 volume of an 

overnight culture of TGI cells was inoculated into one 
liter of L-broth {X% Bacto tryptona, 0*5* Bacto yeast 
sxtrsct, 0.5% K'aCl) . The cell suspension was 
maintained at 3 v C vith vigorous shaking to a 
10 ahsorbance et 600 nr& of 0.S to 1.0. The cell 

suspension in log phase growth was then harvested by 
first chilling the flask, on ice for 15 to 30 minutes 
followed by centrifugation in a cold rotor at 4000 x g 
for 15 minutes to pallet the bacteria. The resultant 
IS supernatant was removed and the bacterial cell pellet 

was resuspended in a total of one liter of cold water 
to form a cell suspension* The csntrif ugation and 
r ©suspension procedure was repeated two mere times and 
after the final can trif ugation, the cell pallet was 
20 resuspended in 30 ml of cold 10% glycerol, The 

resuspended ceil suspension was then eantrifuged to 
form a cell pellet. The resultant cell pellet was 
resuspended to a final volume of 2 to 3 »1 in cold 10% 
glycerol resulting in a cell concentration. of 1 to 3 X 
25 10 >0 cells/ml. For the electro-transformation 

procedure, 4 0 ul of the prepared cell suspension was 
admixed; with 1 to 2 pi of phagemid DNA to form a cell- 
phagemid m& admixture. The resultant admixture was 
mixed and allowed to sit on ice for one stinute. An 
3D el ectr opcr a t i on apparatus, for example a Sana Pulsar, 

was set a 25 up and 2,5 lev. The pulse controller was 
set to 200 ohms. The celi-DNA admixture was 
transferred to a cold 8.2 cm electroporation cuvette , 
The cuvette was than placed in the chilled safety 
3S chanter ana pulsed once at the above sattings. Tc the 
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pulsed admixture, 1 ssl of SOC medium was then admixed 
and the ceils were resuspended with a Pasteur pipette 
(SOC medium was prepared by admixing 2% Bacto 
tryptone, 0,5% Bacto yeast extract, 10 sH HaCI, 2,5 mK 
s RCl* XO BH MgCl g , 10 MgSQ„ and 2 0 mM glucose) . 

■The cells suspension was then transferred to a 17 X 
100 ana polypropylene tube and maintained at 37 »C for 
one hour. After the maintenance period, the 
transformed TCI cells were then plated on ameiciXlim 
10 m plates for selection of ampicillln resistant 

colonies containing the phagemid which provided the 
selectable marker gene* 

topicillilt resistant colonies ware selected end 
analysed for the correct insert sise and expression of 
IS fab. Briefly,, tMk minipreps of selected colonies were 
prepared for the isolation of phagenid DMA. The 
isolated phagemid DHA from each miniprep was 
restriction digested with Xho I and BcoR 1 and th® 
digests were electrophoresed on a 1% agarose gel, 
20 clone AXIS was selected as an S30 hp fragment was 

visualized on the gels confirming the insertion of the 
Fd-cpVXXX PCR fusion product into digested Clone 2h, 

Clone AK1S phagemid was then restriction digested 
with Xho I and Xba 1 and the nucleotide residue 
25 sequence of the dicistronic DNA molecule encoding the 
Fd-cpTOX fusion protein, the ribosome binding site 
and pelB leader sequence for expression of the light 
chain, a spacer region and the 2h kappa light chain 
was isolated toy agarose gel electrophoresis, The 
30 isolated dicistronic DffA fragment was then ligated 

into a Xho 1 and Xha X restriction digested pCBAKO 
expression vector prepared in Example lc(ii) to form a 
dicistronic phages id expression vector designated 
pCBAX§~2b. 

35 The resultant pC3AKS~2b expression vector 
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consisted of nucleotide residua sequences encoding the 
following elements? fi filasaefctous phage origin of 
replication? a chloramphenicol acetyl transferase 
selectable resistance marker gene; an inducible Lacs 
§ promoter upstream from the LacZ gene; a multiple 

cloning site flanked toy «T3 and T? polymerase 
promoters; and the dicistronio DNA molecule (a first 
cassette consisting of a ribosome binding site, a pelB 
loader , and a Fd~cpVXXX DNA fusion product opera tively 
10 linked to a second cassette consisting of a second 

ribosome binding site, a second pels leader, and a 
kappa light chain) . 

h • £Lgil.ac^X^ 
IS Express ion Vector 

To construct a pbegesid vector for the 
coordinate expression of a Fd-cpJXI fusion protein 
with kappa light chain, the PCR amplified and 
recoabinad epXXI membrane anchor and Lac£ promoter 

20 region fragment prepared in Example 2g having a .5* spe 
I and 3 ' ScoR I restriction site was first 
directions lly ligated into a pComh2 phages id 
expression vector previously digested with Spe X and 
BcoK I prepared . in Example la(iv) to form a pC©m»2~3 

as (also called pComh2~-XIX) phagemid vector. See. Example 

Ito(ii) for details of vector construction, this 
vector was used in this invention vhen ajapiciilin 
resistant vectors vera preferred. Thus,, the resultant 
pComb2~3 vector, having only one Spe I restriction 

30 site, contained separate Lac 2 promoter/ operator 

sequences .for directing the separate expression of the 
heavy chain (Fdj-cplil fusion product and the light 
chain protein. The expressed proteins were directed 
to the periplastic space by pelB leader sequences for 

35 tmet X » . s or. thi e ran©. Inclusion of the 



\mnnmn 



phage F1 intarganie region Its the. vector allowed for 
rlckasinff of single stranded phageaid with the add of 
helper phage. Tfce use of helper phage superinfection 
lead to expression of two £ oris of cpIII - Thus, normal 
s phage morphogenesis was perturbed by competition 

between the Fah-cpIXI fusion and the native epXII of 
the helper phage for incorporation into the -virion as 
schematically shown in Figure 8 for Fab-cpvni 
f us ions * 

10 For producing chloramphenicol resistant vectors 

for tise in this invention, the resultant pcos»k2-3 
phagemicl vector was then restriction digested with Sac 
IX and Apa X to for© an isolated fragment, The 
resultant isolated fragment containing the expression 

IS control sequences and the epXTX sequence was then 

direetionally ligated into a similarly digested pCBJUKO 
phagemid vector prepared in Example lc(ii) to form a 
pCBhXS phagemid egression vector, mis vector lacked 
Fd end kappa light chain seguencas. 

20 & chXorampheniceX-resistant phagemid expression 

vector, pC8AK3~2b, for the expression of a fusion 
protein and kappa light chain was then constructed. 
Briefly, the pCBAK3 phages id expression vector 
prepared above was first digested with Xho X and Spe I 

25 to form a linaaris-ed pCBMS phagemid expression 
vector. PCR amplified and modified Fd fragment, 
prepared in Bxanple 2n containing Xho 1 and Spe I 
•sites, was stibseguently restriction digested with Xho 
I and Spe 1. The resultant Fd fragment was then 

30 direetionally ligated via cohesive termini into the 

Xho I and Spe I restriction digested pCBAKS phagemid 
expression vector to form a second phagemld expression 
vector in which the PCR modified Fd fragment was 
operatively linked in-frame to nucleotide residue 

33 seouences encoding cpIII- v. coli strain XLl-Blue 
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(Stratagene) was then transformed with -the above 
phagemid vector containing Fd~tpXXl. Transf oraarsts 
containing the Fd~cplXX encoding phagemid were 
selected on chloramphenicol . Phagemid DNA was 
S isolated from chloramphenicol resistant clones and was 
restriction digested with Sac I and Xba 1 to form a 
linearised phageiaid; expression vector into which a Sac 
I and Kha I light chain fragment prepared below was 
•direct! ©nally ligated. 

10 jphagemid Clone 2b f isolated from the original 

combinatorial library as described in Example 2a., was 
restriction digested with Sac X and Xfea I to isolate 
the nucleotide residua sequence encoding the kappa 
light chain. The isolated kappa light chain sequence 

15 was then direetionally iigated into the Sac X and Xba 
I restriction digested phagemid expression Vector 
prepared above containing Fd-epXXX to form the 
phagemid expression vector, pCBAK3-2b» The resultant 
vector contained the nucleotide residue sequence of a 

20 dieistronie SNA molecule for the coordinate expression 
of a Fd~cpXXX fusion protein with kappa light chain, 
The resultant phagemid expression vector consisted of 
nucleotide residue sequences encoding the following 
elements; fl filamentous phage origin of replication; 

25 a chloramphenicol acetyl transferase salectaoXa 

resistance marker gene; an inducible Lac 2 promoter 
upstream from the La eg gene ; a multiple cloning site 
flanked bp T3 and T7 polymerase promoters? and the 
dieistronie molecule (a first cassette consisting of a 

30 first riboscme binding cite and paid leader 

operative ly linked to Fd-cplll opsrstivaiy linked to a 
second cassette consisting of a second Laos , a second 
ribooona binding site, and a second paid leader 
oparativeiy linked to a kappa light chain) . 

35 XL! -Blue cells were then transformed with the 
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phagemie egression vector P CBAK3-2b. Transformed 
colonies containing the chloramphenicol resistant, 
nhaoemids wers selected as described above and 
analysed for the correct: size, insert and expression of 
„ ? ~ 1&scx bed H arspl.fi 2j. Following 

verification of the insert and expression of Fab in 
the pCBAX3~2.b paagemid vector , XLl-BIue cells vara 
then transformed and induced for the expression of Fab 
antibodies as described in Examples 3 and 4* 
10 The results of the expression, selection and 

screening of the Fab-cpUX fusions revealed an 
advantage of monovalent display provided by Fafo-eplII 
fusions over multivalent displays provided by 
Fab-cpVIII fusions as it allowed for the sorting of 
15 clones based on affinity as well as specificity, as 

does the immune system, h 253 ~f old enrichment of the 
tight binding clone 10C over the weaker binding clone 
?£ using the pCombS system as described in Barbas et 
«!., froa. yfetl> &n&d~ Sei.. t?B& , «8i7978>~7»»2 (3.991) , 
20 studies with peptide libraries on phage that displayed 
f ©nr to five copies of the peptide on the phage 
surface have shown that multi valency prevented the 
separation of phage displaying moderate affinity 
peptides {10"* K) from those displaying high affinity 
25 peptides (10* 9 K) - Cwirla et PrpQ t mtl . * ... 

Boi . . USA , 87: 5378-6382 (19,90), Multi valency lead to 
a chelation effect that reduces the ability to 
discriminate between phage-hearing high affinity Fabs 
from those bearing low affinity Fabs, 
30 The use of the system was further demonstrated by 

sorting a previously characterised (one tinder per 
5000 clones} human, combinatorial antitetanus toxoid 
Fab library as described in Sxampie 6 and by Persson 
et al., ?rgc > ?~ § ' „ , libt S3 " 32-2436 

35 (1S21) . The library, originally in a lambda phage 



vector systems, was reconstructed in pe©mb2-3 retaining 
the original pairings of heavy and light chains. The 
library size, 3.0 7 clones was lO-fold larger than the 
original lambda phage, library. After a single round 
of panning, 13 or 57 clones picked were determined to 
be tetanus toxoid hinders '.which represented -a io 3 -f.oXd 
enrichment . Following the third panning, the phage 
yield had increased 200-fold, indicating enrichment of 
specific phage. All the clones were thus 
antigen-specific binders* Large combinatorial 
libraries of 10 s members are thus accessible using 
this system. Even larger libraries are achieved by 
mutagenesis as described in Examples 6-8. 

Surfa ces 

For expression of antibody Fab directed against 
XFN on phage surfaces-, XLX-Siue cells were separately 
transformed with the phagesid vectors, pCBAK8~2b and 
pCBAK3-2b, prepared in Examples 2j and 2k f 
respectively. The transf ormants were selected on LB 
plates containing 30 #g/ml chloramphenicol. 
Antibiotic resistant colonies were selected for each 
phagemid transformation and grown in liquid cultures 
at 3?*C in super broth {super broth was prepared by 
admixing the following; 20 g 3 [N-Korpholino] propane- 
sulfonic acid (HOPS); 60 g tryptona; 40 g yeast 
extract; and 2 liter of water; adjust pH to 7.0 with 
10 a NaOH) containing 30 pg/ml chloramphenicol and 
12, § pg/ml tetracycline for the respective antibiotic 
selection of the phagecid and the F * episoma. The 
antibiotic resistant transformed XLl~31ue cells were 
diluted to an optical density {OD 605nro ) of 0.4 in super 
broth. The inducer, isopropyl thiogalacf opyranos ide 
{ XFTG } , was admixed to the bacterial suspension for a 
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final concentration or X w& and the admixture was 
maintained at 37*C for 1 hour to induce the expression 
of the fusion protein and kappa light chain from the 
XacS promoter. Helper phage, either WB or WS H13 
s {Stratagene} , was than adaixed to the induced 

bacterial suspension at a ratio of 10-20 helper phage 
to X transformed bacterial cell to initiate the 
generation of copies of the sense strand of the 
phsgesiid DK&« admixture containing the helper 

10 phage was then maintained for an additional two hours 
at 3?*c to allow for filamentous bacteriophage 
assembly wherein the expressed anti-NPK Fab antibodies 
fused to either bacteriophage membrane anchor domains 
of cpVXII or cpXXI were incorporated into surface of 

IS the bacteriophage particles. The bacterial suspension 
was then csntrifuged resulting in a bacterial cell 
pellet and a supernatant containing phage. 
supernatant was removed, collected and assayed as 
described below for the presence of functional afcfci- 

SO mm Pab s2ol.ecn.Xes anchored to the phage particles fey 
either cpYlXl or spill* 

4 , * J UL_£f 

Aati"HPH...EeterQdimer on tho„„Sy,;;. 

25 

a x Electron ni croscopy. 

3»q localize functional Fan molecules,, the 
binding to antigen labelled with colloidal gold was 
studied ♦ Phage containing- supernatants and bacterial 
30 cells prepared in Example 3 were spotted on formvax 

-n n v. , ~ >n, Pennsylvania) coated 

grids affixed onto a solid phase, In some experiments 
grids were coated with cells and infected with phage 
in situ. Subsequently grids were blocked with 1% 
35 bovine serins albumin (BSA) in PBS at pH 7,2,. washed 



¥CT/mmmmm 



aM incubated with 2~? nanometer {nm} colloidal gold 
particles coated with BSA-NPN hapten conjugate for a 
floe period sufficient to torn a labeled 
Immuncreaetion complex. The grids were washed to 
S remove excess gold particles and negatively stained in 
uranylaeatats and visualised by electron microscopy. 

Examination of filamentous phage and permeatolized 
cells producing phage revealed specific labelling of 
phage or exposed bacterial jaemhranes, Phage were 

10 observed to contain 1 to 24 copies of antigen binding 
sites per particle. Neither helper phage alone nor 
intact E. coll labelled with antigen. Background 
nonspecific binding was very low. Filamentous phage 
particles emerging from the £« coll surfaces were 

15 labelled with antigen as shown in Figure §♦ 

The generation of a related phage surface 
expression vector utilising cpXXI as a fusion partner 
with Clone 2h s pOSAX3~2*>, revealed specific antigen 
labelling to the phage head .but not the column* 

•20 Additionally hxxmn anti-tetanus Fsb expressed a* a 
cplXX fusion did not bind to BSA-~HPN antigen, 
b. Phace^Sll^a 

Microtitration plates were coated with W8*> 
BSA conjugate (0.2. ml f % pg/x&l in o.x M Tris-HCl, pK 

25 S.2}» and blocked with 1% BSA in PBS- Serial two fold 
dilutions of pCSAKS-2h derived phage (0,1 3&1) , 
prepared in Example 3, were added to the pre~coated 
microtitration plate and incubated for 3 hours at 
ambient temperature or 16 hours at 4«C. The plates 

30 were washed with PBS and goat anti-kappa alkaline 
phosphatase conjugate (Fisher Biotech,- Pittsburgh,. 
Pennsylvania) added (O.X ml diluted 1/1000 in PBS 
containing 0.1% BSA) and incubated for 2 hours at room 
temperature. The plates were washed in PES and 

35 substrate added (0.1 ml, 1 mg/'mi p~ 



nitrophenYip^^phate In 0.1 H Tri*-HCl, pH S.S f 
containing 50 sot HgCl 2 ) « After incubation at 37*C for 
signal development, the optical densities at 400 nm 
were determined. Competition assays vera performed 
s with the addition of increasing counts of free NPK 
hapten ranging from aero up to S »g/well. 

The ELXSA assays confirmed the presence of 
functional antibody Fab. In a two site on KPN 

antigen coated plates when probed with anti-ssouse 

10 kappa chain enssyme conjugate, phage supernatant 
generated from helper phage infection of cells 
carrying the pCBMCS~2b construct exhibited expected 
titration curves with serial two fold dilutions of 
rshaoe containing antibody, The results of the two™ 

IS site BbXSA are shown in Figure 10. For a signal to be 
generated in this assay, the phage particle must (i) 
have functionally associated Fd end kappa chains and 
(ii) be multivalent, Specificity of the particle was 
assessed by inhibiting binding to the plate in the 

20 presence of increasing concentrations free hapten. 

$<he generated phage particles exhibited binding to 
solid phase of the SLXSA and could be inhibited by 
addition of .hapten as shown in Figure XI. Complete 
inhibition was achieved when S ng of free m$ hapten 

2S was used in the assay. Helper phage did not give a 
signal in the ELXSA. These results show the 
functional assembly of antibody heavy and light chain 
polypeptides to form an epi tope-binding eonpXex that 
is present on the surface of the phage particle end 

30 able to bind the preselected ligand chapter containing 
an epitope, 

c. Mtima»l£^ilis~^m:4i ~ — 

Phage supernatant from XLl~Blue was 
transformed with the pCS^KS-2b dicistronic expression 
35 vector prepared in Bxanple 3 (1 si) was incubated with 
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BSA-NPN conjugate {!f> Ml, 2 mg/ssl) for is hours at 
4»C. The mixture was then pelleted by centxifugation 
at 3000 rp» on a bench top centrifuge and the 
appearance of precipitate noted, Helper phage was 
S used ass a control. The pellet was washed repeatedly 

in cold PBS (S x 3 tal/wash.) and then r ©suspended in LB 
(0.5 ml) . The coluMlised precipitates were added to 
fresh XLi~Blee cells (0.5 mi of overnight cultures) , 
incubated for 1 hour at 37*0 and aliquots plated out 

10 on LS agar containing chloramphenicol (30 eg/ml) . « 

Colonies ware selected randomly- Colony lifts on 
nitrocellulose vera treated with Xysosyme to digest 
the call wall, briefly treated with chloroform to 
breakdown the outer membrane., blocked in BSA 1% in PBS 

IS. and incubated with tss z labelled BSA-NBN antigen, 

After several washes in PBS {containing 0.05% Tweexj- 
20) , film was exposed to the washed and dried filter 
overnight at ~70*C and the autoradi ©graphs were then 
developed, 

SO Precipitates were obtained with antibody 

containing phage but not helper phage in the presence 
of BSA-HPN. In addition, the particles retained 
infeetivity on subsequent incubation with bacterial 
cells carrying the P* episome and generated 4 x 3,0 s 

25 colonies frois a single soluhilised precipitate. 

Additionally, DHA restriction analysis was .. 
carried out to determine the presence of heavy and 
light chain inserts. PNA restriction analysis of the 
clones revealed the presence of a Xho I and Xfoa I 

30 fragment of 1.4 kh as expected for Fd-cpViix fusion 
construct and Kappa chain insert. 

These results give additional evidence for 
antigen aces ficit nult Unc In add it n to 

providing immunological parameters,, this precipitation 

35 offers possibilities for facile enrichment of antigen 
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spacific phage particles. In principle, phage 
containing specific antibodies can be highly enriched 
bv precipitation with antigens (which, may be cell 
surface markers, viral, bacterial as veil as synthetic 
^aieeulss) - The washed antigen-antibody precipitates 
can he sciubilised by the addition of excess antigen 
and viable phage recovered. For the recovery of rare 
species an Mobilised antigen aey be used which opens 
the way for differential affinity elution. 

In order to demonstrate the utility of 
iB^ofoilized antigen for the enrichment of clones of 
defined binding specificity, a panning experiment was 
performed. An ampicillin resistant ph&gemid 
expressing an anti-tetanus Fab as a epvTIX fusion was 
constructed. Rescue of this clone with helper phage 
produced phage encoding the ampicillin resistant 
phagemid which displayed the anti-tetanus Fab on tfeeir 
coat. These phage encoding tetanus specificity were 
admixed with HFH hapten encoding phage fliXOu) and 
allowed to bind to a aicrotitration plate coated with 
tetanus toxoid. Following a one hour maintenance 
period, the plate was washed extensively and phage 
were then eluted with a low pH buffer. Infection of 
XLl-Blue cells in log phase growth and subsequent 
plating of aliguots on aspiciXXin and chloramphenicol 
allowed for direct quantitation of enrichment. 
Examination of over 1,000 colonies showed that 
apoieillin resistant colonies derived from the eluted 
phage exceeded chloramphenicol resistant colonies by 
27 to 1. Therefore, panning enriched the phage 
displaying the anti-tetanus Fab by 2? 00 fold. This 
result suggests that a clone of defined specificity 
present at one part per million will dominate over 
nonspecific clones following two rounds of panning. 
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r afo Librarlfe .&^L- .. ' I aggJfflrlftffitl 

A powerful technigue for .generating libraries 
with 10 8 * 9 jsesifeers and selecting from -the library of 
combinatorial Fates with preselected binding 
activities, t is presented. In the vector described 
herein, the restriction cloning sites for inserting 
PCR generated antibody fragments have been retained as 
previously reported for the lambda vector, The rescue 
of the genes encoding the antibody Fd a«&. -k*pp& chains 
is mediated through the utilisation of the fl origin 
of replication leading to the synthesis and packaging 
of the positive strand of the vector on co-infection 
with helper phage. Since the 'mature 1 virus particle 
assembles by incorporating the -major coat protein 
around the single stranded DHA as it passes through 
the inner membrane into the periplastic space,, hot 
only does it capture the genetic information carried 
on the phageaid vector but also incorporates several 
copies of functional Fab elgng the length of the 
particle. On subsequent infection of hosts cells 
carrying the ?* episode the phagemid confers 
resistance allowing selection of colonies on the 
appropriate antibiotic. In essence, the antigen 
recognition unit has been linked to instructions for 
.1 1 s pr od u ct i on » 

"Ihe full power of the earlier combinatorial 
system could not tee tally utilised since screening 
allowed ready access to only about 0,1-1% of the 
members. In the phagemid/K13 system similar size 
libraries are generated and ail the members are 
ace< jsec via aff ss actio; F rth rmor unlike 

the lambda vector which generated monovalent Pabs f 
this system generates multivalent particles,, thus 
allowing the capture of a wider range of affinities. 
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rtiB unique phagemid restriction sit.es permit the 
recombination of Fd ..and kappa chains allowing cfe&ia 
replacement or shuffling. The rescue of filamentous 
single stranded DNA allows rapid sequencing and 
analysis of the genetic »aka up of the clone of 
interest. Indeed it can be envisaged that phage 
encoding antibody specificity »ay to* enriched fey 
antigen selection prior to BPA sequencing or 
mutagenesis. The option to further develop an 
iterative process of mutation followed by selection 
ssay allow the rapid generation of high affinity 
antibodies fro® germ line sequences. The process may 
be automated. Setting aside the potential of the 
system to mimic .nature, the phagemid/1513 system would 
allow a more complete dissection of the antibody 
response in humans which may yield useful therapeutic 
and diagnostic reagents. 

The membrane anchoring of the heavy chain and the 
cempartmentalisation of the kappa chain in the 
periplasm is the key to expressing this functional 
dimaric protein. The potential of this system is by 
no means limited to antibodies and nay be extended to 
any protein recognitio 



system or combination of 
iole members. For example 



systems ocntaxntng mul 
coupling of Ugand and effector systems in a high 
avidity matrix is now possible. In a similar vein a 
library of ligands can fee sorted against a library of 
receptors < 

S , £andomised Mutagenesis cs£...$M^£D£l^mLm..P£~& 
leaw I nq Ant * cxojp 

To obtain a mutagen! 2 es heter seiner of this 
invention of altered specificity that would no longer 
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reeoenize a tetanus -toxoid antigen (TT) &ut would 
recognise and specifically bind to a new antigen, a 
isethod was developed to randomize only the CDR3 region 
of -a. heavy chairs fragment encoded by a known 
5 nucleotide sequence. This approach is ecbeisatically 
di&fraaaaed in Figure 12 where a representative heavy 
chain fragment within a phagemid clone, consisting of 
alternating framework regions (1 through. 4} shown by 
white blocks and complementarity determining regions; 
10 (CPE) (i through 3} shown by cross-hatched blocks and 
the first constant region (CHI) , is subjected to two 
separate rounds of PCE. In the first PCR 
amplification reaction, the S* end of the heavy chain 
beginning at. framework 1 and extending to the 3 * end 
15 of framework 3 is amplified. In the second PGR 

amplification reaction, the CDR3 region is randomly 
mutaganizad shown by the black box. 'this is 
accomplished through the use of a pool of 
oligonucleotide primers synthesized with a degenerate 
20 region sandwiched between and contiguous with 

conserved framework region 3 and 4 sequences. The 
resulting amplification products from the second 
amplification, each having a randomized CBR3 region, 
have their 5* end at the 3' end of framework 3 and the 
25 3 » end of the product extends to the 3 « end of the CHI 

region. 

The pool of degenerate oligonucleotide primers 
have been designed to result in the amplification of 
products having a SV end that is complementary to and 

30 will overlap with the 3' end of the products of the 
first PCR reaction prod'act- Thus, the two separate 
PCS reaction products are pooled and an! - v d t ~ a 
third PCR reaction in which the overlapping region 
between the two products is extended to result in 

35 heavy chain having a randomized CDR3 region.. 
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A heavy chain m&, template tor use U this 
invention was available in a clone (a phagamid vector 
designated 7B containing heavy and light chain 
fragments) from a human combinatorial anti-tetanus 
toxoid (TX) Fab library derived from lambda Hc2 and 
hc2 libraries as described by Persson et a'k , FJLQS^ 

Acad. Sci.. ttSA . 08:2432-2436 (1991). To create 
a semi-synthetic combinatorial library, clone 7E was 
constructed in pCo»b2-3* dicistronlc expression vector 
for the expression of a : h«avy ©hain-cpriX merahrane 
anchor fusion protein (Fd-opXlX) and a soluble light 
chain as described for anti-HPH In Example 2k by 
Barbas et al. , Proc . K% 1 1 . . . . . A£&&±__.gsl*u-J3g& t 
SB;7S73~7§S2 {1991} . 

The phagsaid vector pComfo2-3 * was prepared as 
described in Example lb(ii) . The original pairing of 
the heavy and light chains from the 78 lambda clone 
v&s maintained by ligation of the Xho I - Xba I 
fragment into a Xho I - X&a 1 digested pComb2~3 s 
vector. To replace the cpIII membrane anchor 
sequence, LacZ promoter sequence and pel 8 leader 
deleted by the Xbo I - Xtoa. Z digestion, a Spe I - Sac 
X fragment from pcomhs , as prepared in Example lb (11) , 
was ligated into the pCoab2-3 ♦ vector containing the 
heavy and light chain sequences from clone ?£. The 
resultant phagsmid clone, hereinafter referred to as 
p€3~TT7B f ¥as first expressed as described for 
anci-KFK hetarodimers on phage surfaces in Example 3 
and subsequently screened by panning on TT-coated 
plates as described for anti-MFH in Example 4c. Clone 
PC3-1T7E exhibited a K rf towards TT on the order of 10* 7 
H and was enriched over nonspecific phage by I0 3 -fold 
as described by Barbae ®t al. , supr,§i» 

Clone pC3~TT7E, having both heavy and light chain 
sequences, was used as the template DNA for the 
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randomised mutagenesis of the CDR'3 region of the heavy 
chain to alter antigen binding specificity as 
described herein* V$m. se^ejaaa. of the heavy chain was 
determined as described in Example la(ii), Two 
5 separate PGR reactions were performed as illustrated 

in Figure 12. 

The first PCR reaction resulted in the 
amplification of the region of the heavy chain 
fragment in the pC3~TT7E clone beginning of framework 
10 region 1 and extending to the end of framework region 

3 which is located 5* to CDR3 which is approximately 
400 base pairs in length. To amplify this region, the 
following primer pairs were used. The 5* anti-sense 
oligonucleotide primer, having the nucleotide 

15 seguence S ' -G-CA?l-TM«ACC«CTC-ACT--AAA--G<5S-3 ' {SEQ ID 

m 118) , hybridised to the non-coding strand of the 
heavy chain corresponding to the region $* of" and 
including the beginning of framework l. The 3* sens© 
oligonucleotide primer, B7EFR3 ? having the nucleotide 
20 Sequence 5 *~TC$~CGC~h<&"&T&~&T&~GKC'>'QGC»2 ' (SEQ ID HO 

129) t hybridised to the coding strand of the heavy 
chain corresponding to the 3 f end of the framework 3 
region. The oligonucleotide primers were synthesized 
by Eesearch Genetics {Bttnst villa, &L) , The PCS 
25 reaction was performed in a 100 Ml reaction containing 
one pg of each of oligonucleotide primers PTX3 and 
S7EFR3 , 8 #1 2.5 m SNTP's { dATP dCTP, dSTP, dTTP) , 1 
pi Tag polymerase, 10 ng of template pCE-TT7E, and 
IQptl of 10X PCR buffer purchased commercially (Prossega 
3 0 Biotech) . Two drops of Binerai oil were placed on top 
of the admixture and 33 rounds of PGR amplification in 
a thermocycier were performed. The amplification 
cycle consisted of denaturing at §4*C for one minute, 
annealing at 5Q*:C for one minute, followed by 
33 extension at 72 °C for two -minutes. The resultant PCR 
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amplification products wers then gel purified as 
described in Example le$ and ttsed in an overlap 
extension PCR reaction with the products of the second 
PCE reaction, moth as described below, to recombine 
5 the two products into reconstructed heavy chains 

containing antagonised CDB3 regions as illustrated in 
Figure 12. The total yield of DHA from this 
amplification was approximately Sag/ 10 Dm! * 

The second PCR reaction resulted in the 

10 amplification of the heavy chain from the 3 * end of 

framework region 3 extending to the end of CHI region 
•which is approximately 390 base pairs in length. To 
amplify this region, the following primers were used. 
The 5 s anti-sens© oligonucleotide primer pool,. 

IS designated 722CDR3 , had the nucleotide sequence 
represented by the formula/ 

CC~&€G~3' where K .can be A, t f &, or T and S is either 

20 C or £ £S£Q 1.D NO 120}, wherein the S ! end of the 
primer pool was complementary to the 3* end of 
framework 3 represented by the complementary 
nucleotide sequence of the oligonucleotide primer 
B73FR3 and the 3 s end of the primer pool was 

25 complementary to the 5' end of framework 4. The 

region between the two specified ends of the primer 
pool was represented by a 4S~;ser NNS degeneracy which 
ultimately encoded a diverse population of mutaganised 
CBS3 regions of IS amino acid residues in length . The 

30 3* sense oligonucleotide primer, CG12, as described by 

Fersson at al* , supra, having the nucleotide segnence 
5 » - G CA T&T ACT AG XTTTGTG AC AAG A. T TT GGG -3 « (SEQ ID NO 121) f 
.hybridised to the coding strand of the heavy chain 
corresponding to the 3' end of the CHI. The second 

35 FCH reaction was performed on the pC3~TT?£ in a 100 pi 
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reaction as described above containing one pg of each 
of oligonucleotias .priaers TECDB3 and CQ1Z. The 
resultant PGR amplification products were then gel 
purified as described above. The total yield of SNA 
s gross this second PCS mutagenesis amplification was 
approximately 3pg/i0Qpl» 

One hundred nanograms of gel purified products 
from the first and second FCR reactions were then 
admixed with 1 pg each of FTX3 and CSIS 

10 oligonucleotide primers as a primer pair in a final 
FCR reaction to form & complete heavy chain fragment 
by overlap extension as illustrated in Figure 12. The 
FCR reaction admixture also contained 10 fit xox PCP 
buffer, 1 pi Tag polymerase and S ul 2,5 m aTO's as 

IS described above. The FCR reaction was performed as 
described above. To obtain sufficient guan titles of 
amplification product, IS identical FCR reactions were 
performed. The resulting heavy chain fragments 
beginning at framework 1 and extending to the end of 

SO CHI and having randomly smtagenlzed CDR3 regions were 
approximately 790 base pairs in length. The heavy 
chain fragment amplification products from the 15 
reactions were first pooled and then gel purified as 
described above prior to their incorporation into a 

25 phagsmid library. The total yield of DMA from each 
amplification was approximately 3,ug/io0pl thus the 
total pooled yield contained approximately 4S pg of 
amplified autagenized heavy chain * 

h. m^^i±Ii^MI^S^nst^ctign 

30 The resultant gel purified heavy chain 

fragments prepared in Example 6a were then digested 
with the restriction enzymes, Xho I and Spe I, as 
described In Example 2d. The resultant digested heavy 
chain fragments were subsequently gel purified prior 
35 to insertion into the pC3~TT7£ phagemid vector clone 
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wiiich was previously digested with the same 
restriction enzya.es to remove the^on-mutaganised 
heavy chain fragment and forjs a linear vector. 
Ugation of 640 ng of the heavy chain *ho X Spa I 
5 fragments having mutagen! xed CDR3 regions into two yg 
of the. linearised pC3-TT7E phagemid vector to form 
circularized vectors having mutaganized CDR3 regions 
was performed overnight at roast temperature using 10 
units of BSL Ifgase {Gaithersfeurg, MB) in Bi£L Xlgase- 

10 buffer in a reaction volume of ISO M l. *iv» separate 
ligation reactions were performed to increase the. size 
of the phage library having mutagenic ad am regions, 
Thus, the total amount of amplified mutagenizad heavy 
chain for five ligation reactions was 3,3 }ig. 

IS Following the ligation reactions, the circularized DMA 

was precipitated at ~20«C for two hours by the 
admixture of 2 #1 of 20 mg/ml glycogen, 15 #1 of 3 H 
sodium acetate at pH 5,2 and 3 DO *il of ethane! . DKA 
«as then pelleted by mlcrocentrifugatlon at 4»C for IS 

20 minutes. Tim DNA pellet was washed with cold 70% 
ethanol and dried under vacuum. The pellet was 
resuspe»ded In 10 pi of water and transformed by 

electroporation into 300 pi of g„, cc?.!i Si-Blue cells 

as described in Example 2k to form a phage library, 

25 33ms total yield from the mutagenesis and 

transformation procedure described herein was 
approximately 5 X 10 ? transf orients . XLl-Blue cells 
from £♦ coii were selected as the hosts as the single 
step codon TAG is suppressed. 

30 After transformation,- to Isolate phage on which 

heterodimer expression has been Induced,, for 
subsequent panning on target antigens such as 
fluorescein, 3 ml of soc medium (SOC was prepared by 
admixture of 20 g } to-tryj me 5 g yeast extract 

35 and 0,5 g KaCl in one liter of water, adjusting the pH 
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to 7,5 and admixing 20 mi of glucose, just, -before use 
to induce the expression of the Fd-cpXXX and light 
ebain heterodiaer) admixed and the culture was 
sbake« st 220 r$a» for one hoar at 37 *C, after which 
§ iijse 10 nX of SB (SB was prepared by admixing 30 g 

tryptone, 20 g yeast esjtra<ct, and X0 g Mops buffer per 
liter with pH adjusted to 71 containing 20 ag/ml 
carfceniciXlin and 10 ug/^I tetracycline and the 
a&aixture was shaken at 300 rpm for an additional 
X0 hour, This resultant admixture was admixed to 100 ml 
SB containing SO w/ml carbeniciiiin and 10 ftg/ml 
tetracycline and shaken for one hour, after which time 
helper phage VCSM13 (X0 12 pfu) were admixed and the 
admixture was shaken for an additional two hours. 
IS After this time, 70 aq/ml kanamyein was admixed and 
maintained at 30*c overnight* The lower temperature 
resulted in better hater odisaer incorporation on the 
surface of the phage » Sue supernatant was cleared by 
oamtrifugation .(4.000 vp» for 15 minutes In a JAX0 
.20 rotor at 4*C) * Phage were precipitated by admixture 

of 4% (v/v) polyethylene glycol 8000 and 3% (v/v) had 
and maintained on ice for 30 minutes, followed by 
cantrifugation (9000 rpm for 20 minutes in a JAX0 
rotor at 4*C) , Phage pellets were r ©suspended in 2 ml 
25 of fbs and microcentrifuged for three minnt.es to 

pellet dehr is , transferred to fresh tubes and stored 
at -20«C for subsequent screening as described below. 

For determining the titering colony forzaing units 
(cfuj , phage (packaged phagemid) were diluted in SB 
30 and X »X was used to infect SO $tl of fresh (OD600 « 1} 

E^.coli XlX-BXue cells grown in SB containing 10 ug/xtl 
tetracycline. Phage and cello were maintained at room 
temperature for 15 minutes and then directly plated on 
LB/carbeniciilin plates. 
35 c J^iiita^ 
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1) jgoitiple Fst 

Th& phage library produced In Example 
5 sb having .heavy chain 'fragments with jautagenised CDR3 
regions was panned as described herein on, a microti ter 
plate coated with a SO .ag/ml fluoresce in conjugate 
to screen for anti~£ luoresesin heterodiaftrs « 
Fluorescein was conjugated to BSA according to the 
IS. methods described in "Antibodies; h Laboratory 
Manual 5 * f ads Harlow at al,, cold Spring Harbor 
Laboratory, 1.988. 

The panning procedure used was a modification of 
that originally described by Parsley and Smith 
15 (Parmley et al. f fiiss, 73? 30*5-3 18} Two to four 

walls of a microtiter plate (eostar 3690} ware coated 
overnight at 4*C with 25. fil of SO fiq/mX TT antigen 
prepared above in 0»1 K bicarbonate., pi ftse 
walla were washed twice with water and blocked by 
20 completely filling the well with 3% (w/v) BSA in PBS 

&M maintaining the plate at 37 *C for one hour. After 
the blocking solution was shaken out, 50 #1 of the 
phage library prepared above (typically 10 15 cfu) wore 
admired to each well, and the plats was nai.nta.insd for 
25 two hours at 37«C. 

Phage were removed and the plate was washed ones 
with water. Each well was then washed ten Pisses with 
TBS/Tween (SO saM Tris~HCX, pH 7.5, 150 m KaCl, 0,5% 
Tween 20) over a period of one hour at room 
30 temperature where the washing consisted of pipetting 
up and down to wash the well , each time allowing the 
well to remain completely filled with TBS/Tween 
between washings. The plate was washed ones sore with 
distilled water and adherent phage vera eluted by the 
35 addition of SO .el of eluticn buffer (0.1 H HC1, 
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adjusted to- pH 2y2 with solid glycine, containing 1 
rag/ml BSA) to each veil followed by maintenance at 
rooas temperature for 10 ssirsytes. The elution buffer 
was pipetted up and down several times, removed, and 
3 neutralised with 3 pi of 2 M Tris base per 50 M i of 
elution buffer used > 

Elnted phage were used to infect 2 mi of fresh 

(°%oo ^ 1) S , T S . S0 1 XLl-SlUe calls for IS minutes at 

room temperature, after which time xo ml of s.s 
10 containing 20 pg/ml earbenieilXin and 10 Mg/fcl 

tetracycline was admixed, A liquors of 20, 10, and 
1/10 Mi w«re removed from the culture for plating to 
determine the number of phage (packaged phagemids) 
that ware eiuted from the plate. The culture was 
IS shaken for one hour at 37*0, after which it was added 
to 100 ml of SB containing 50 pg/mi carbenieiliin and 
10 p.g/*l tetracycline and shaken for one hour. Helper 
phage VCSM13 (M0 12 pfu) were then added and the 
culture was shaken for an additional two hours. After 
m this ti»e, 70 m/MX fcanamyein was added and the 
culture was incubated at 3?*c overnight. Phage 
preparation and further panning were repeated as 
described above. 

Following each round of panning, the percentage 
W yield of phage were determined, where % yield ~ 

(number of phage aluted/number of phage applied) X 
180, The initial phage input ratio was determined by 
titering on selective plates, as described in Example 
6b, to be approximately 10 51 cfu for each round of 
50 Panning, The final phage output ratio was determined 
by infecting two ml of logarithmic phase XLx-Blue 
cells as described above and plating aliguots on 
selective plates. 

As an alternative to eiution with acid, phage 
5 boun4 to tha welis the udcrotiter plats were eluted 
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by admixing SO yl of a solution of 10* 5 K fluorescein 
diluted in PBS fallowed by a mi»te»a»ee period of one 
hour at 3?»C» The solution was then pipetted up and 
down to wash the veils. The resultant eluats was 
S transferred to 2 ml of fresh B^ooli XU>SXus cells 
for infection as described above for preparing phage 
and farther panning. In subsequent rounds of panning, 
phage were eluted with 10** K fluorescein. 

Toe results of the amount of phage that- were 

10 specifically bound to f luorescein-coated wells over 
four consecutive rounds of panning ana eiution with 
acid or with fluorescein alone are shown below in 
Table S, comparable yields of phage on which 
hetarodiaers were expressed that bound specifically to 

15 fluorescein were achieved with either eiution 

protocol. These data confirm that mutagenesis of the 
am region as described in this invention resulted in 
the altering of a hetercdisaer which initially 
specifically bound to TT to one that specifically 

20 bound fluorescein. 



Table 8 



Phage Sltatea 



round 4 



round 2 
round 3 



round 1 



as s [ 

5 , & x io s /well 
4,6 x ID 6 / veil 
3.8 3£ XoVweXl 

1.3 x ao*/iwai 



4.7 X 10 S /well 
5.6 x io s /weXX 

1.4 3£ 10 6 /waii 
4.0 X ID 6 / well 




nonspecific binding to this surface with control 
phase varied between io* and io s phage per wall. 
Production of soluble Fab and verification of binding 
to fluorescein toy ELXSA as described in £} below 
revealed 8 reactive clones of 60 randomly selected 
from the transformed colonies and 3S reactive clones 
of 40 randomly selected from the transformed colonies 
for the acid aluted and fluorescein e luted libraries., 
respectively* 



specificity of the mutaganizsd hetarodimers expressed 
on the surface of phage as described above,, soluble 
Fab heterodimers from both acid eluted and fluorescein 
elutad phage were prepared and analysed in ELISA 
assays on f iuorsscein-eoated plates, by competitive 
l&XSA with increasing, concentrations of soluble 
fluorascein-~BSA ana also by fluorescence quenching 
assays. The latter assays were performed as described 
in "Fluorescein Hapten: An Immunological Probe", ed 
B. W. Voss, CRC Press, Inc. pp 52-54, 19S4. 

To prepare soluble heterodimers , ph a gem id DKA 
froja positive clones was isolated and digested with 
Spa X and Hhe I. Digestion with these enzymes 
produced compatible cohesive ends. The 4.7-kb DKA 



2 ) l^mr^tipn.,pf.,,SpIub.l^ B bXS^PX 

..Flmrescein 

In order to further characterise the 
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fragment lacking the gene XXX portion was gei~pur.i£ied 
(0,6* agarose) and s«sXf -ligated, transformation of ^ 
aoli X.LX~BXue afforded the. isolation of recombinants: 
lacking the cpXXI fragment.. Closes were examined for 
s removal of the cpXXX fragment by Xho I - 5Cba I 

digestion, which should yield an X.6~3cb fragment. 
Clones were grown in XOo ml SB containing 50 a-g/isi 
earhenieiliin and 20 m MgCl 2 at 3?*C until an 0Z m of 
0.2 was achieved. XFTG (1 fflH) was added and the 
10 culture grown overnight at 30*C (growth at 3?*c 

provides only a light reduction in haterodiner yield) . 
Cells were pelleted by centrifugation at 4000 rpm for 
IS sfdnntas in a JA10 rotor at **C. Colls? were 
resuspended in 4 &1 PBS containing 34 ^g/jsl 
IS phenylssethylsulfonyl fluoride (PMSF) and lysed by 

sonication on ice (2-4 minutes at m% duty) . Dehris 
v&s pelleted by centrifugation at 14,000 rpm in a JA2Q 
rotor at 4®C for IS minutes The supernatant was used 
directly for BLXSA analysis as described below and was 
20 stored at -20 *C For the study of a large number of 
clones, XOrsX cultures provided sufficient heterodimer 
for analysis. Xn this case, sonications were 
performed in 2 ml of buffet. 

The soXubie heterodiaers prepared above were 
25 assayed by ELXSA. For this essay, 1 jig/ wall of 

fiuarsscein~BSA solution was admixed to individual 
veils of a aicrotit-er plate and maintained at 4*c 
overnight to allow the protein solution to adhere to 
the walls of the well. After the maintenance period, 
30 the wells were washed one time with PBS and thereafter 
maintained with a solution of 3% BSA to block 
nonspecific sites on the wells. The plates were 
maintained at 3? C C for one hour after which tine the 
plates were inverted and shaken to remove the BSA 
35 solution. Soluble heterodiners prepared above were 
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then admixed to each veil and maintained at ,3?*c for 
one hour to form im . odticts. Following 

the maintenance period, the wells were washed ten 
tiaes with PBS to remove unbound soluble antibody and 
3 then maintained with a secondary goat anti~hujsan FAB 

conjugated to alkaline phosphatase diluted -in PBS 
containing if BSA, ^he wells were maintained at 37*C 
for one hour after which the walla were washed ten 
times with PBS followed by development with 
10 p-nitrophenyl phosphate (PNPP) . 

Xmrnunoreactive hsterodimers as determined in the 
above ELI s A were then analyzed by competition elisa to 
determine the affinity of the mutagenised 
heterodisaers . 'The ELISA was performed as described 
IS above with increasing concentrations of soluble 

fluorescein -BSA ranging in concentration from 10* ? ' H 
up to iO* 5 K in concentration admixed in the presence 
of the soluble heterodimers « Maximal inhibition of 
binding was achieve::; at a concentration of 10** M frae 
28 antigen with a half-maximal Inhibition obtained with 
approximately XQ" r H free antigen. Antibodies 
expressed from all clones had approximate dissociation 
constants (Kd) in the range of io* ? to 10" S H for 
:fiuorescain~BSA conjugates for both the fluorescein 
25 &nd acid elutions, True Kd«s were determined in 

fluorescence quenching assays. Antibodies expressed 
on phage from clones following fluorescein slut ion had 
higher affinities for fluorescein,, 10' 7 M versus 10** M 
for the acid e luted antibodies. The parent clone, 7B f 
30 shove - - > stable Ircfus of the 

assay suggesting an affinity for free fluorescein less 
than 10"" Kv The affinities of the tightest binders 
of antibodies to fluorescein (ID* 7 H) approached the 
average Kd of the secondary response of immunised mice 
35 for free fluorescein (io" ? H) as shown by Xrans at 
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al., pf h TtmrnnoL . 20:1323-1322 {1§83}. 

'Thus, the mutagenised heterodimars of this 
invention specifically recognised and bound to 
fluorescein. Additional experiments were performed to 
^ confirm that the mutagenised heterodimers no longer 

recognized the TT to which the nonmuf aganiaad 
heterodimer originally .bound. Fluorescence, quenching 
assays ware also performed to confirm the specificity 
of binding of the mutagenised heterodrmers » Soluble 
10 heterod rimers prepared from phage that were either 
elated with acid or with fluorescein alone were 
equally effective at binding fluorescein by any of the 
aforementioned approaches. The invention of 
mutagenesis of the CDK3 region of the heavy chain of a 
IS heterodimer described herein thus resulted in the 
alteration of binding specificity from TT to 
fluorescein* 

d , , ; , ~ ^ ^ ^ ~ < - * 

frnti^Flttorescein ~"ers 
gO The complete nucleotide sequence of the 

mutated heavy chain of & representative number of 
fluoresceIn~BS& binding clones was determined, Ho K3& 
induced: mutations outside of the. CDH3 region were 
observed. The. predicted amino acid sequences of the 
25 heavy chain region are shown in figure 13 with 

the corresponding SBQ ID m shown in parenthesis. 
Seven clones recovered from the acid elation regimen 
showed no consensus sequence. The lack of consensus 
behavior in the acid elated clones may be contributed 
3D by their recognition of a more complex epitope 

consisting of fluorescein and SSA and is reflected in 
the more disparate affinities to fluorescein and 
f luoresceixi'~&3& . 

Conversely , the etches isolated by fluorescein 
35 eiution showed a high selection of consensus 
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sequences. Of t;en clones sequenced, only three 
different sequences vara observed. All of the clones 
had a glycine residue at amino acid residue position 
9S and an aspartic acid residue at position xox. The 
S amino acid residue, positions are based on the Kafcat 
numbering system as described by Kabat et al*, in 
"Seiguances of Proteins of Immunological Interest, t?»S. 
Department, of Health and Human Services, (19 87) . Both 
possible codons for encoding the glycine residue 

10 provided Jay the synthesis protocol in which all 32 

possible co-dons vera produced vera used. In natural 
antibodies, the aspartic acid residue at position 101 
usually plays a structural role by forming a salt 
bridge with an arginine residua at position 94 in 

IS framework region 3 (FR3) ♦ Thus., the artificial 

selection process had recapitulated an interaction of 
structural significance which mirrors that seen in the 
animal. 

In addition,- nine of the semi -synthetic 
20 antibodies expressed from ten clones contained a 
serine-erginine-proline triplet sequence near the 
center of the loop directly adjacent or one residue 
removed on the amino -terminal side of an arginine 
residue, though the codon usage for two of these 
25 residues was different, clone F31 lacked this central 
motif i All sequences were rich in arginine residues 
which was encoded by three of the 3 2 possible codons. 
Comparison of the occurrence within the ten difference 
CDR3 sequences of arginine with leucine ana serine, 
30 which were also encoded by three possible codecs in 
the synthesis, revealed a arginine- leucine-serine 
ratio of 29.-16: IS , This bias towards selection of 
arginine may be the result of the dianionic character 

35 The finding that different codons were used 
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support the proposition that clonal selection occurred 
at the level of antigen-antibody union and not because 
of soma unexpected bias of nucleotide incorporation 
into BKA. 

5 

?. IS*- * ~ * * „<*<^n_<___ 1 

X& Following a similar procedure to the: random 

mutagenesis of the heavy chain as described in Example 
6 f the com region of a light chain fragment of the 
anti-tetanus toxoid specific phagemid clone pC3-TT7E 
was randomixea to produce antibodies having a 
IS specificity for fluorescein. The PCR amplifications 
were performed as described in Example; 6a vith the 
exception of the oligonucleotides primers used in the 
reactions. 

3?he first PCR reaction resulted in the 

20 amplification of the region of the light chain 

fragment in the pC3-TT?£ clone from the 5* EccE V site 
of the vector extending into the 5 ' end of the CDK3 
region, To amplify this region, the following primers 
were used; The S ? anti-sense oligonucleotide primer, 

25 KEF, having the nucleotide sequence 

5 *-GA.VrXCTAAAC:rAGCTASTCS-3 * (SEQ ID HO 126 |« 
hybridised to the non-coding strand of the light chain 
corresponding to the ScoR V site in the vector; The 
3' sense oligonucleotide priser, KVX2B, having the 

30 nucleotide sequence 5 ' -ATAC7GCTGACAGTAATACAC-3 * (SEQ 

ID m 121} , hybridized to the coding strand of the 
heavy chain corresponding to the S' end of CDR3 . The 
PCR amplification was performed as described in 
Example 6a. The resultant PCR products ware then gel 

3 5 purified as described in Example id and used in an 
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overlap extension PCR reaction with the products of 
the second PCR reaction, both as described below, to 
reoosabine the two products into reconstructed heavy 
chains containing mutagenised CDR3 regions as 
§ illustrated in Figure i2% 

The second PCR reaction resulted in the 
amplification of the light, chain from the 5 5 end of 
the CDP3 region extending to the end of the cm. 
region, To amplify this region, the following primers 
10 vsre used . The 5* anti-sense oii 3 priaer 

pool, designated KV5R, had the nucleotide sequence 
represented by the formula, 

S * -TATTACTGTCAGCAGTATHKKHHKK? v ^ WT CGCCGG GGCAC 
C~3 ! (B2Q ID NO 128) where K can be A, C,. S or T end 
IS where K is either G or ?, wherein the 5« end of the 
primer pool was cojrp leeent ary to the 5 s end of CDRC 
and the 3 * end of the primer pool was complementary to 
the 3 * end of CD&3 end the 5 * end of framework 4 . The 
region between the two specified ends of the primer 
20 pool was represented by ■& i5~»er degeneracy which 

•ultimately encoded a diverse population of internal 
MWtaganised CDR3 regions of 5 amino acids in length 
bordered by non-isutagenised S» and 3* ends of the £DR3 
regions, The 3! sense oligonucleotide primer, T7B, 
35 haying the nucleotide sequence 

S«~AATACGACTCACTATAGGGCG-3« (SEQ ID NO 129}, 
hybridised to the coding strand of the light chain 
corresponding to the T? region in the vector. The 
second PCR reaction was performed on the pC3~TT7E as 
30 described in Example 6a with the KVSR and T7B primers. 
The resultant PCR amplification products were then gel 
purified as described above. 

Five hundred nanograms ot gel purified products 
frosi the first and second PCS reset ions were then 
35 admixed with 1 og each of KEF and T?S oligonucleotide 
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primers as a primer pair in a final PCR reaction to 
"form a complete Xignt chain fragment by overlap 
extension as illustrated in Figure 12. The PCR 
amplification was performed as described in SxasspXe 
^ 6a * 2? 0 obtain sufficient quantities of amplification 

product, S identical PCR reactions *ere pertor»*d« 
The resulting light chain fragments., that began at the 
5» Sco s V site and extended to the T? region, had five 
internal asd.no acids randomly jautagenijsed CDP3, 

W 

The resultant gel purified light chairs 
fragments prepared in Example "a vers then digested 
with the restriction enzyia&s, Sac X and Xba X, as 
described in Example 2d, The resultant light chain 

IS fragments vers subsequently gel purified prior to 

ligation into the pC3~ms phage&xd vector clone which 
was previously digested with the sasae restriction 
enssymes to remove the non-mntageniaed light chain 
fragment and form a linearised vector. Ligation of 

20 450 »g of light chain amplification products into 1.4 
Itg linearized pC3~TT?S phagemid vector to forts 
circularised vectors having mutagenised CDR3 regions 
was performed as described in Example 6b, Five 
separate ligation reactions were performed to increase 

25 the size of the phage library having internally 

mntagentaed CPR3 regions. Following the ligation 
reactions, the circularized mh was precipitated and 
transformed into £> col l XLI-Blua as described in 
Example Sb to form a phage library, fbe total yield 

30 from the mutagenesis end transformation procedure 

described herein was approximately 2 X X0 7 
transformers. Phage vers isolated as described for 
the heavy chain mutagenesis transf ormants . 
C. Selection of hnf i-Fluores^^ 

35 c" rue, ~ y.".:.s„„sf. 
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The phage library produced in Example lb 
having light chain fragments with five internally 
mutagen! sed amino acids in the CDS 3 region was panned. 
5 as described in Example 6c. The numbers of phage that 
were specifically bound to f luoreseein-coated wells 
over three consecutive rounds of panning and hapten 
eiution with a phage input of I0 n vers 0.75 X 10% x X 
10* and 2.4 X i© ? . The repeated cycles of 
10 transformation, phage preparation, panning and elation 

thus resulted in a significant enrichment of 
heterodimers that specifically hound to fluorescein, 
Soluble Fans were prepared as described in Example. 
6b2) for characterizing binding specificity to 
IS fluorescein « Seven clones were selected for sequence 
analysis as described in Example S&« The results of 
the sequence analysis are shown in Figure 14*. The 
mutated region of the light chain CDS 3 spans Kabat 
amino acid immunoglobulin light chain positions from 
20 &2 to 96. The sequence of this region tram the 

starting clone, pC3~TT?E f was Gly~Ser~Ser~Leu-Trp (SEQ 
ID NO 148} . Of the seven antibodies mutated and 
selected on fluorescein, five of them from clones P3, 
P2a, P23, ESS and P19 had the amino acid sequence 
35 Thr~Arg~Pro~Sly-Val (SEQ ID SO 149} but each were the 

result of translations from unique nucleotide 
sequences. The two remaining antibodies from PIS and 
Pil clones, derived from unique nucleotide sequences, 
also had unique amino acid sequences. Thus, since 
30 most of the mutagen! zed light chains had the same 

amino as is sequence encoded by the possible codons in 
the synthesis, the artificial selection process has 
recapitulated an interaction of structural 
significance which in the animal resulted from the 
3S process of natural selection. 
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limited to 
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Mutagenesis of the CDE regions 
the CD.R3 region as pri 
in the random mutagenesis of CDRI and CBB2 of both the 
heavy and the light chain, Mutating ail si* CPE. 
regions would result In an exceptionally diverse 
library beyond that which can be obtained in the 
animal'. To obtain randomisation in ail the CDRs, the 
heavy chain CBRs could first foe randomised from a 
starting clone followed by selection of the best 
antibody binders. A second mutagenesis step on the 
cms of the light chain could he performed and the 
resultant library can be mixed with the selected heavy 
chain binders. Alternatively, all CDRs could be 
simultaneously randomised resulting in heavy and light 
chain libraries which are then combined and subjected 
to selection against a preselected antigen. 

Tims, the Examples S and ? illustrate a method 
according to the present invention for mutagenic ing 
the heavy and light complementarity determining 
regions (CDR) of an immunoglobulin gene, and also 
illustrates oligonucleotides useful therefor, 

8. la_vifc*r.9 Selection and Affinity Maturatian^sf: 
Antibodies from a Halve Camtmt wWX 
InOkBer 

& combinatorial immunoglobulin library approach 
has been used to obtain monoclonal antibodies from 
non-immune adult mice, thereby establishing the 
principles of (i) accessing naive combinatorial 
antibody libraries for predetermined specificities and 
(ii) increasing the affinity of the selected antibody 
binding sites by random mutagenesis.. A combinatorial 
Fab library expressing Igu and it light chain fragments 
on the surface of filamentous phage was prepared from 
hone marrow of »on~ immunised, adult Balb/o mice with 
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the multivalent display vector pCombS prepared in 
.Example lh(i) » Phage, displaying low aff inity Fab's 
having binding constants of approximately 10* to 10 s 
H" 1 specific for progesterone were isolated from the 
5 library by their ability to bind the hapten. Random 

mutagenesis of the heavy and light chain variable 
regions expressed in the monovalent phage display 
vector pcomb3 was performed by error -prone PGR. 
Clones with improved affinity for progesterone were 
10 subsequently selected. Thus, as described herein, 

antibodies with desirable characteristics from a non- 
immune source were selected and affinity maturation 
achieved by using the twin vectors pComhS and peomb3 f 
thus opening the route to obtaining specific 
15 antibodies from a generic library and bypassing 
immunisation. 

$"be invention described heroin has three 
essential features? (i) the ability to initially 
access low affinity Pabs from- a naive library by the 
20 use of multivalent phage expression systems, (ilj 

subsequent affinity saturation by error-prone PCSL and 
(iii) the use of a single chain construct during the 
maturation process to avoid a high background of 
art if actual binding due to loss of the light chain « 
25 Wh®n used in concert, these methods allowed for the 

selection and affinity maturation of antibodies frost a 
naive library. 

Three non-immunized adult male (6 months) 
30 Balb/cByJ sice (Scripps breeding colony} were used to 

prepare 5 x 10 7 bone marrow cells in 4% fetal calf 
seres in PBS „ To deplete for surface IgG positive 
ceils f the preparation was maintained with rat -anti 
mouse Ig£ & (0. 1 ml) , goat anti-mouse IgG (0,1 ml) t 
35 and rabbit anti-mouse Xg£ 2i> (0.1 ml) for 30 minutes at 
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ambient temperature. The cells were pelleted,, washed 
with ms and resuspanded in 9 ml PBS, Babbit 
complement was added (1 mi) and maintained at 37«C for 
30 minutes. The cells were pelleted and total MA 
isolated as described in 'temple 2b. The total RHA 
was used as a template for the cDHA synthesis for p~ 
and h-chains with the following-- primers : IgM, 
ATTGGGACTAgTTTCTGCGACa.GCTSGjykT-3 « <SB0 IX> NO 151} (the 
Spe 1 restriction site sequence is underlined) and k f 
S^GCGCCGOTMAM'TAACACTCATT£^^TTGAA-3^ (SEQ ID KO 
1,52) (the xba 1 restriction site is underlined) 
respectively ,, using superscript Kit (BEL) . 

Briefly, 7 pg of total » was admixed with so 
pmol of primer, heated to 7G*C for 10 minutes end 
immediately cooled on ice. Two pil of KHase inhibitor, 
10 fil of Sx synthesis buffer, S pi of dHTF mix (to 
give final concentration of 200 pM of each NTP) , $ pi 
of o.l H DTT, and 1 /{I of BEL Superscript HT (200 
U/pl) were admixed,, and the reaction was made up to SO 
ptl with DSPC treated; water. The reaction was allowed 
to proceed at room temperature f or 10 minutes and the» 
sat 42«C for 50 minutes. The reaction was terminated 
by maintaining at 90*C for 5 minutes and then placing 
on ice for 10 minutes followed by admixing 1 pi of 
EWase E and maintaining at 3?°C for 2D minutes. PGR 
amplification was performed in a 100 «i reaction 
mixture as described in Example 2, using V 8 1-S and 
the p chain primer for the heavy chains and V t 3~? and 
the k chain primers for the light chains as shown in 
Table 5. 

b. v - or LfeXsl 

Construction 

The PCS amplified -chain and fc~chain DKA 
were cleaved with 5Jho 2>Spe I and Sac X~Xb& I, 
respectively. The resulting p chain Xho X~Spe X 



fragments -were inserted into the peombs phagemid 
vector prepared In Example IbCi) to generate a $i 
chain~cp VIII fusion library. Transformation into ^ 
SSll XLl-Blue and phage production was carried out 
essentially as described in Example 6» Subsequently, 
the k light chain Sac X-Xba I fragments were- cloned 
into the heavy chain F d jU-cpYXXI fusion library. 

A combinatorial library of S x 10* members was 
established by subsequently cloning the Xg*t F tf and k 
light chain fragments into the pCombS vector which 
allowed the fusion of the heavy chain F d fragment to 
cpVXXX. Since the Fab antibody fragments were 
displayed at a high copy number on the phage surface, 
this vector was' selected for accessing low affinity 
antibodies which are expected to be found in an 
unss t ed repertoire , 

c. ,§g&3s&i3m^ 

The recombinant phagemids prepared above 
were packaged into HIS phage particles and five rounds 
of panning on progestarone-3 - (0~Csrboxymethy 1 } -c-xime* 
BSA coated BBXSA wells was performed as described in 
Example 6. Briefly, wells of a microtitration. plate 
were coated at 4*C with 50 #1 of 100 ftgjml 
progesterone~3~ (o-Carboxymethyl) -oxime BSA conjugate 
(Sigma #P4778) in PBS, The wells were washed twice 
with water ana blocked by completely filling with 1% 
w/v BSA in PES and maintaining the plates at 3T«C for 
one hour. Blocking solution was flicked out and SO isl 
of the phage library (typically 10 11 eiu) in PBS-BSA 
{0.1% w/v) were admixed to each well and the plates 
maintained for two hours at 3?»C«. The washing steps, 
elution, and multiplication of the phage were done 
essentially as described in Example Sal) ., 

Phage eluted after the first and third round vara 
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analysed for expression 'of ant i -progesterone F&b's by 
bacterial colony lifts as ascribed in Exaapls 2£. 
The colonies vera probed for progesterone binding with 
a proge.st.erone~-3-(0~Carbos£yiaethyl}--o3cijue HRP 
conjugate. The filters were developed using 4™ 
ehloronaphthol. Care was taken to exclude artifacts 
caused by phagexaids expressing the Iqft F d cpYXXX 
fusion without a corresponding light chain, These 
heavy chain-only phages reacted nonspecif ieaily to 
unrelated antigens such as BSA, W&, hen egg Xysosyiss, 
presumably duo to the hydrophobic patch displayed on 
an unpaired heavy chain . 

Those colonies producing the strongest signal in 
the -western blot were further examined, and three 
clones, pgAXX, PgBs, and PgFX, vers isolated for 
subsequent analysis. The first two emerged from the 
f irst round of panning,, and the latter was isolated 
after the third round of selection . All three Fab**, 
produced in their soluble f oris as described in Example 
602) betind specifically to progesterone~3~£0~ 
C&rhoxymethyl) ~oxime~SSA and progesterone~lia- 
faem±swccinyl~BSA. Additionally, all three Pah*s 
displayed a significant crossreactivity against an, 
epitope on cytochrome c. Their apparent binding 
constants for progesterone-3- CO-carboxyfcathyl} -oxino- 
BSA were determined as 10* K" 1 for PgAXX, and 3 x 10* 
*T 1 and 10 s H" 1 for PgFX end PgBS, respectively. These 
binding constants were much below that reported for 
anti^progesterone monoclonal antibodies with 
affinities of 2 to 5 x 10 5 X~K Clones FgBS and PgFX 
utilized the saiae coxabination of closely related v K 
and V L genes. Both of their Y k genes were identical 
to two closely related but distinct gerrdine genes 
with no evidence of somatic mutation, as one would 
expect for a naive repertoire. The true germline 
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gene(s) for their closely related \ genes are not yet 
known. Since both the V n genes have joined to 
different D and J segments, the clones PgB6 and PgFi 
cannot be of the awns origin, but Bust have been 
s selected from two independent cloning events, pointing 
towards a possible importance of this particular 
combination for progesterone binding. The \ and V H 
genes used by PgAll are not closely related to the 
other two clones. 

10 Thus, this demonstrated that by using a 

multivalent display vector, Fab's can be isolated from 
naive combinatorial libraries with affinities 
comparable to those observed for the primary immune 
response to haptens , such as phosphoryl choline and 

IS nitrophenol. Further, the combinatorial library 
approach can yield V genes or V gene combination© 
which would not have been selected SU.^AXP,* 

Ktrhaesnesis 

20 To aiaic the process of s©»atic station 

which leads to the selection of antibodies with a 
higher affinity,, random mutations were created in both 
the \ and V H regions and antibodies were subsequently 
selected with an increased affinity to the hapten 

25 progesterone. In order to target the mutations by 
error-prone PCR specifically and only to the V 
regions, a single chain fusion plasmid Fv-cpXII was 
constructed in a pComb2~3 phagemid vector which 
contained in frame fusions of the following elements: 

30 the ps IB leader sequence for secretion, the V. % end V, 

reading frames linked with a synthetic oligonucleotide 
coding for a flexible peptide as discussed in Example 
6a, and the cplll moiety. The use of a single chain 
vector further overcomes the difficulties due to 

35- unwanted selection for nonspecific binding by phage 



~xso~ 



which express xg heavy chains only. 

For preparing & single-chain heavy and light 
chain (designated P ¥ ) fusion with the aemhrane anchor 
cpXTX, the plasmid pComb2~3 prepared in 3Saca»ple Ib(ii) 
having only one spe I restriction site, was digested 
with the restriction endonucleases Xfoa X and,, Khe 1 and 
religated, thus eliminating the light chain cloning 
cassette. & synthetic DN& linker vfeich encodes a 15 
amino acid linker sequence consisting of two 
oligonucleotides, a 5* anti-sense primer having the 
nucleotide sequence 5»- 

TCGnG^AASTCn^gAGGTAAATCTTCTGGTTCl'GGTTCCGAM^TA^TCTA 
CTG«GOTCAAAGTCA-»3 s {SEQ ID HO 153) and & 3* sense 
priBer having the nucleotide sequence 5 ! - 
~ : - £ - — j s rAGATXOSGAACCAGAACCAGAAGATTTA. 

c BSMSBtiam GirSG-S (SSQ. W W XS4) was inserted into 
the Xho X-Spe 1 digested, truncated pCoBb2~3 vector 
f arising the phagesdd ScpComb2~-3 . The internal 
recognition sequence for restriction endonuclaases Xba 
I (TCTAGA) and Sac I (G&GC3PC) are underlined, the % 
and \\ segments of the progesterone binders were then 
amplified by PCR as described in Example 2g in two 
separate reactions . 

Iu the first PCS amplification, the primer 
corresponding to SEQ. IB HO 153 listed aisov® and the 
oligonucleotide having the nucleotide sequence 5«~ 
-\CTGTCTASATGMRGaGAC-3S {SEQ ID HO 1S5) , 
where K is either A or C and & is either A or G, were 
used to amplify the heavy chain fragment. The light 
chain fragment was separately amplified with the 
primer corresponding SEQ XD NO 154 listed above and 
the oligonucleotide having the nucleotide sequence 5*~ 
G AG G A C X'A^i^'l A GA ST X G G TG GAG CAT G AG™3 ! (SEQ ID NO 156. The 
internal recognition sequences for Xba I (TCTA-GA) and 
Spe X (ACIAGT) are underlined. The V„ and V, PGR 
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f ;s ware digested with Xhc l~Xba I and Sac I-Spe 
X, respectively, and subsequently inserted into Scp~ 
eomb2~3. 

e. ;• zzr: r£ L:.:::....a.v. ;L.ri:: r- £Si;-.t; ;.;i..iJ;....go^^jt^il?g and 

s i.iny ch, L yQ..y;}ie|o.a...yry j bodi,:; s JigdiMJ.ic ILo r 

For Fate production, the gene VI II moiety in 
the phagemids encoding the progesterone binders FgAll, 
pgB6, and PgFI was excised with restriction 
10 endonucleases Spa X and EcoH 1 and subsequently 

replaced by a synthetic linker encoding a TAa stop 
codon (underlined) . The linker was forced by the 
oligonucleotides 5 ' ~CTAGTTJACTGAeTAAG-3 * (BEQ ID NO 
157.) and 5 f AATTCriACTCACXm?x-3 ! {SEQ ID NO 158) . The 
IS production and detection of antibody Fab fragment V&s. 
performed essentially as described in Example $&2) , 

except that the B. coil cells vers disrupted by three 

freese thaw cycles. For producing soluble antibody 
fragments, the Y K ~1 inker ~\ fusions were excised fron 
20 the ScpCo»b2~3 phagexsid with Xho X and Spa X and 
suhcloned into the: expression vector pTACOl 
(Pharmacia) which is a derivative of pF12S0. The 
pT&cox vector has the inducible tao promoter , the pels 
leader sequence for secretion and allowed for in~£raae 
25 fusion of the inserted single chain fusion construct 

with a decapeptids sequence as described in Example la 
as a tag for immunochemical detection. Expression and 
detection of the single chain fusion antibody 
fragments was as described above, except that an anti- 
30 decapeptide antibody conjugated to alkaline 
pi ;spbat \ was used for the ELXSA, 

Three single chairs fusion clones were selected by 
the screening protocol and designated ScpConte2~3 -FgFl , 
~PgB£ and -PgAXX. These resultant plasmids were 
33 subjected to error-prone PGR mutagenesis as described 
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t. na r rM mtw»^J > of ^»vy ,, s . n iu^fe 

amounts of undigested PgFl, PgSS, and 
5 PgAll 5cpCoi*>2-3 piasmids prepared above were admixed 

and serially diluted. nliqnots of 100 ng, 10 ng, X 
«g, 0.1 ng, and 0.01 ng of the admixtures were 
subjected separately to 33 cycles (I minute at 94 «C, 2 
adrmtes at 50 »C, l minute at 72 *C) of amplification 

10 under the following reaction conditions i SO mM KCl, 10 
mH Tris-Hcl (pH 9.0}, 6.5 JaM MgCi 2 , 0.5 jaM «»C1 2 , 
0,01% gelatin, 0.1% Triton 2ML0O, 1 m each dOTP, 
dGTF , dTTF, 0.2 mM dATP, 0.1 mM dITP, using the M 13 
reverse sequencing primer, S « ~AAGAGCTATGACOvTG~3 * (BBQ. 

IS ID HO 153), and a backward primer complementary to the 
cpIIX moiety, 5 * -G&CM&M&TTG&Q&cmZT-Z ' {S£Q ID TO 
160) at 100 The basic method of error-prone PGR 

wass as originally described by Laungr et al., 

m&®iti^ ijii-is (i9S9) which is 

20 incorporated herein by reference. The DKA region to 

be mutagenic was- PGR amplified under conditions that 
reduced the fidelity of DN& synthesis .by Tag W& 
polymerase. As shown by Leung et al.., supra,, the 
concentrations of the reagents mci z and d&TF used in 

25 the PGR amplifications resulted in 1.0% and 1,4% 

mutation frequency, respectively. Thus, the frequency 
of mutation increased as the dATP concentration 
decreased. 

The PGR reactions of all template dilutions were 
30 pooled and treated with phenol prior to digestion with 

Xho I and Spa 1. The gel purified and digested PGR 
fragments vera ligated back into the Xfc© T~Sp& 1 
digested ScpCosb2-3 plasmid, The ligation products 
were eleotr operated into LjsM XLl-Slue giving rise 
35 to 10* trans f or manhs. Subsequent steps of phage 
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production and panning were carried out as described 
in Example 6, except that the phage vere panned in the 
absence of BSA* 

Thus f a library of mutated anti-progesterone 
single chain phagamid antibodies was established and 
panned on progosterone-3-{0-Garbo:<ymethyl} ~oxime~BSA 
and the number of eluted"efu was taken as a measure 
for the relative affinity of the displayed single 
chain antibodies to the hapten. After the third round 
of panning a 50 to X0G~foid increase in the yield of 
eluted phagemids relative to the non-mutated 
population was noted. Individual mutants- showed a 10 
to 300~foid increase in yield after panning as 
compared to the parent clones, indicating that the 
mutants encoded antibody binding sites with an 
increased affinity . The four best mutants , designated 
SePgBS~X, ~2, -3 and -4, were chosen for determination 
of their affinity for the hapten~conjngate and 
sequence analysis. ^ 

3lmlK..^i&„£^im..M^i^ro^ s s t erona 
Antibodies- 

The binding constants of the soluble 
antibody fragments prepared form the four best 
mutants, scPgBS-l , ~2, -3 and ~4 chosen above were 
determined by competitive ZLXSh as described in 
Example 6c2) . Briefly, wells Of a saicrotitration 
plate were coated at 4>C with 50 fil of 100 jug/ml 
progesterone™3™ (O-Carhoxymethyl) ™exime~BSA conjugate 
in PBS, The wells were washed twice with water and 
blocked with 1% w/v BSA in PBS at 37«C for one hour, 
Fsb or single chain fusion supernatants were mixed 
with progesterone - 3 ~ {0™Carboxymethyl) -oxime-BSA in 
PBB-BSA (0-1% w/v) , and maintained in the wells at 
37 *C for two hours. The plates were washed with PBS- 
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Tween £0.05* v/v) , and goat anti-mouse k-ehain 
alkaline phosphatase conjugate (Southern Biotech) or 
mouse anti-decapeptide monoclonal antibodies 
conjugated to alkaline phosphatase was admixed and 
§ maintained for one hour at 37 *c. The plates were 

washed as before and substrate vas admixed ml, p- 

nitrophenyl phosphate at 1 mg/mi in 0.1 M Trie, pH 9.4 
containing SO mM HgC%} . After maintenance at 2S*C 
for 60-180 minutes., the absor banco was read at 405 
10 apparent affinities vera determined as the reciprocal 

of the hapten concentration required to inhibit 50% of 
the maximal binding in a competitive ELISA, This was 
a close approximation to the affinity and permitted 
the ranking of the binding activities. 
2.5 The affinity of the mutated So antibodies to 

progesterone-;? - { O-carboxymethyi) ~oxime~BSA as 
determined by competitive ShXSA had increased over the 
parent ScPgB8 antibody by 3 enfold for scPgB6-l, and 
approximately 13-fold for both scPgB6-3 and ScPgB6~4* 
20 interestingly, the clone with the least mutations 

exhibited the highest affinity. The crossreactivity 
pattern for the mutant So antibodies did not change, 
except that ScPgBS~X had lost most of its reactivity 
to cytochrome C. In extensively studies immune 
25 responses to haptens, an increase in affinity by one 
order of magnitude could be assigned to specific 
single amino acid substitutions, which implies that 
only one or two amino acid exchanges in the combining 
sine of the So anti-progesterone antibodies may have 
30 accounted for their increased affinity to the hapten- 

conjugate. Since a mutant with only a single amino 
acid exchange was not recovered, the critical 
residue. fs) could not be identified that caused the 
enhanced affinity to the bapten-oon jugate. Further, 
35 amino acid substitutions common to ail three of the 



mutants were not d that 

changing different residues can account for the 
increased affinity to >^{o~carboxymathyX)[ - 
progesterone, h B&r^ to Pro^ substitution in the V fi 
CDR2 is common to the mutants scPgB6~3 and ScPgB6-4> 
Although both mutants showed a similar affinity to the 
hapten-eonjogate, assessing the importance of that 
residue for antigen binding cannot unequivocally be 
done, since multiple amino acid exchanges occurred in 
the \\ and v 8 regions of the two mutants., 
imcleic Acid Sequencing 

The complete nucleotide sequences of the 
variable regions of the heavy and light chains were 
determined from double stranded DKA using Sequenase 
2.0 (United States Biochemical). DKA sequencing 
revealed that all four mutant clones, scPgBS~l, -3 
and ~4, had arisen from SeFgBS, with ScPgBS™! and 
ScPgB6-2 feeing identical . The predominant type of 
mutation obtained fey this l»CH protocol was an A-G/T^c 
nucleotide exchange (68%) > while T~G/A~C, S*A/CHF : > T~. 
A/iVT, G~C/C~£, or exchanges occurred at 

approximately the same frequency. WA sequences with 
a higher than average mutation frequency, i.e. 
mutational net spots, were observed, in addition, the 
three mutant clones differed in the number of base-pair 
changes. The mutation frequencies for both the V„ and 
V t regions were found to be 1.5% tor scPgB6~i, 2„i% 
for SePgBS~3, and 4.1% for ScPgBS~4 f which led to 
multiple amino acid substitutions in the CDR's and 
framework regions of the siutants. 

In summary, this invention contemplates the 
principle of selection and affinity maturation of 
specific antibodies to a hapten from a naive library, 
Although 2n„„visro sei action end mutagenesis system is 
quite simple compared to the complexity of the immune 
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system, soste coiaaon features exist; (i) £&e affinity 
of antibodies selected rron a naive combinatorial 
library can reach the sane order of naenitode as 
antibodies iron a primary immune response to haptens; 
(11 5 Although the mechanises generating flotations in 
vivo, or in vitro were different, mutational hot spots 
were observed," (iii) Th& increase in affinity after 
one round of mutation and selection An,yifc E& is in the 
same order of magnitude as observed for the transition 
from primary to secondary immune responses to haptens ; 
and (iv) A rotated antibody combining site with an 
altered erossreaetivity was recovered as is 
occasionally observed j.n vivo, 

mm the combinatorial antibody approach was 
first described, whether it could be used to 
efficiently tap into the vast antibody repertoire in 
vivo was questionable . The present invention shows 
that antibody chain combinations can be accessed and 
evolved which aay never be selected aliffi* Thus, it 
now Mats, as if it is possible to exceed the diversity 
©f the antibody response £ft y*vc- by molecular cloning 
techniques. 

The foregoing is intended as illustrative of the 
present invention but not lira ting, Numerous 
variations and modifications can be effected without 
departing from the true spirit and scope of the 
invention . 
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Sm 2D liO 1? 

S» 

&la filu Gly Asp Asp Fro Ala I*ys Ala Ala ?ha As« Ser Leu 
Gin Kl& Ser A1& Tfer Giu Tyr lie Gly Tyr Ala Trp Ala Met 
ml val Val He Val Gly Ala Thr He Gly 11® Lys Lau PHa 
Lys Lys Pba Tbr Ser Lys Ms Sar 
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5 s 

A ^AAGm^ 
TATGACTGT^ 

AAS(SGCT?iTTTCCCTGAGCCAGTGACAGTGAC<n?GGAACTCTGGATCCCTGTCC 
^C^GACTGTCCC^^ 
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5 s 

GC AG C CC CTGG ATTGTT A CTCGCTG CC C A&.C GAGCC ATG G GCG AG CTC CA G ATG A C 
CGAGTCTCCAGCCf CCGTATCTGCATCTGTGGGAGAAACTGTCACCATCACM'G'XC 

GAT( TThC 
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CTGM'GCTGCACCAACTC-fATC 



G G AG GTG C CTC AGTCG '£ GTG CTT CT ; 
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sm ID NO 112 

s s 

GAGGGTGG ' 3 ~GGG 1* ?GTGAGGGTGGCGGC I'C tG \ 5(3 G & 

GGCGGTTCCOGTGGTGGCTCTGSTTCCGGTGATTTTGATa?ATGAAA&GATG 
GCAAACGCTMTAA<SGGGGCTMmCCGM^ATGCCGATGJlML\C(3CGCTA 



GCTATCGATGGTTTCATTSGTSSACGTTTCCGGCOTGCn'AATGGTAATGC-T 
GCimCaT^GTGATT'ITGCTGGCTCTAAT^CCCAAATGGCTCmaTCSS^GAC 

C.CTCAATCGGTTGA t Vi:GTCGCCCTTTTGTCtrTTAGCGCTGGTAAACC^TAT 
GAAl^reCTATT^^ 

CTTTTATATGTTGCCACCTT-TATG : I - SCTAACATA 
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SEQ ID 



NO 1X3 



TCCGGTGMOT'G 
ACCGAM^TGCCG?iTGAMACGCGCTACAGTCTG*%CGCTAAAGGC^AACTT 

GATTCTSTCGCl^CTGATTACGGTGCTGCTATCGATGG^STCAffl^GTSAC 
AMTeCGAJU^SCTCA^ 




AT2UUIOTA1»CC^^^ 

roGSGmTTCCGCTACTATGCrAGCSm 
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SSQ ID FO 114 

S' 

TAC- CT C& OT C ATTASG C AC C C CA GG CTTTh CA CATT 

GGATJy^C^ i TT3>C?V2ACAGGAAACAGCTATGAGC&T 
SATTA.CGAATTCGAGCTCGS'T 
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SEQ ID MO IIS 



TGAC^TTCA^ASC^^^ 
CA^CACCGTCTOTCAGCCA^ 



TOCCCTG&CSCCAGTGACAGTSACCTGSA&C3OTGA^CCCTO 
ACACCTTCCCAGCTGTCCTS 




ATCGOTATGCGSG 
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SEQ m 116 



ATGAAM ! ^CCTATTGCCTi\CGGCAGCCGCTGGATTGTl^TTACTCGCTGCCC 



GGTG&CGA^^CCGCAAAAGCGGCCTTTAAC'rCCCTGCAAGCCTCAGCGACCG 
2AtAmTCGGTTATSCGTGSGCGAa - 3CAACTAT 
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What Is Claimed l&i 

1. A filamentous phage encapsulating a geno»e 
encoding a ixgand-hinding hs*erodimsrie receptor, 

2. The filamentous phage of claim 1 wherein 
g said receptor is an epitope-binding complex. 

3. The filamentous phage of claim a wherein 
said phage is detestably labeled. 

4< h ligand-binding heterodimeric receptor 
comprising first and second polypeptides, said first 
10 polypeptide flanged by m a^ino-terminal proharyotic 
secretion signal domain and a carho^y-terminal 



second polypeptide fused to an amino-terminal 
prok&ryotic secretion signal domain* 

5, The receptor of claim 4 wherein said 
receptor is an epi tope-binding complex, 

The receptor of cI&Ib 5 wherein said first 
polypeptide is an antibody heavy chain polypeptide and 
said second polypeptide is an antibody light chain 
polypeptide. 

?„ The receptor of claim 5 wherein said first 
polypeptide is an antibody light chain polypeptide and 
said second polypeptide is an antibody heavy chain 
polypeptide, 

S. The receptor of claim 4 wherein said 
prokaryotic secretion signal is a pel.B secretion 
signal. 

9. The receptor of claim 8 wherein said pels 
secretion signal has an amino acid residue sequence 
represented by a formula selected from the group 



(a) SEQ ID NO S, 

(b) SEQ IS HO 6, and 
m SEQ ID NO - 7,.. 

The receptor of claim 4 wherein said 
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filaB&Btous phage ae»bra»e anchor is the cpVXXl 
membrane anchor. 

XI, The receptor of claim 10 wherein said 
fXXamentous phage memferana anchor has an amino acid 
5 residue sequence represented by 'the formula in SBQ ID 
17 from residue. 26 to residue 40, 
12. The receptor of claim 4 wherein said 
filamentous phage »ej»bren« anchor is the cpXIX 
membrane anchor . 
10 13 , The receptor of claim 11 wherein said 

filamentous phage membrane anchor has an amino acid 
residue sequence represented by the formula in SBQ XD 
#G. 16 from residues 1 to 2X1. 

14. A vector for expressing a fusion 
IS polypeptide, said vector comprising upstream and 
downstream translatable MA sequences operatively 
linked via a sequence of nucleotides adapted for 
directional ligation of an insert DNA, said upstream 
sequence encoding a prokary^i^ secretion signal, said 
2d downstream sequence encoding a filamentous phage 
membrane anchor, said translatable MA sequences 
opsrativeXy linked to a set of MA expression signals 
for expression of said translatable DNA sequences as 
portions of said fusion polypeptide* 
25 IS. The vector of claim 14 wherein said 

prokaryotic secretion signal is a peiB secretion 
signal, 

IS.. The vector of claim 15 wherein said pelB 
secretion signal has an amino acid, residue sequence 
30 represented by a formula selected from the group 
consisting of: 

(a) SEQ XD HO S, 

(b) 510 XD NO S, mid 

(c) SEQ XD m 7. 

3S 17. The vector of claim 14 wherein said 
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xilaaentous phage jnembrane anchor is the cpvm 
membrane anchor, 

18, The vector of claim I? wherein said 
filamentous phage membrane anchor has an assino acid 

S residue saguencs represented by the formula in SEQ ID 
HO. 17 trosa residue 26- to residua «©. 

19. The vector of claim 14 wherein said 
filamentous phage membrane anchor is the cplXX 
membrane anchor. 

10 20, The vector of claim 19 wherein said 

filamentous phage membrane anchor has an amino acid 
residue sequence represented by the formula in SEQ ID 
KG, IS from residues 1 to 211, 

21. The vector of claim 14 further comprising a 
15 filamentous phage origin of replication, 

22. The vector of claim 14 wherein said set of 
expression signals includes a promoter, a ribosome 
binding site, and at least one stop eodon in frame 
With said downstream translatable DN& sequence. 

20 23, The vector of claim 14 wherein said vector 

has a nucleotide sequence shown in SEQ. ID. SO. iM 
froia base 1 to base 208. 

24.. The vector of claim 14, further comprising a 
second upstream translatable DHA sequence encoding a 

25 prokaryotie secretion signal opsrafively linked via a 

sequence of nucleotides adapted for directional 
ligation of a second insert DHa, said second 
translatable DNA sequence operativeiy linked to a set 
of OKA expression signals for expression of said 

3D second translatable DNA sequences as a portion of a 

second fusion polypeptide. 

25- The vector of claim 24 wherein said 
prokaryotic secretion signal has an amino acid residue 
sequence represented by a formula s&X sored from the 

35 group consisting of; 



PCI vS ,s , f BM9i 



-202- 

(a) seq m m $, 

(b) SEQ ID NO and 

(c) SEQ 10 NO 7. 

2S. The vector of claim 24 wherein said vector 
5 has a nucleotide sequence shown in SEQ ID HO 3 fro* 

base 36 to ease 1XS. 

27. The vector of claim 24 wherein said &N& 
expression vector is the vector pCOMBS ,, pCOMB2~8 or 
pCKABS - 

10 as x The vector of claim 24 wherein said DMA 

expression vector is the vector pC0MB3, pCOMB2~3, 

pCOKB2~3 ! or pCKAB3x 

25. A polypeptide comprising a ligand-bXnding 

receptor polypeptide operative!}* linked at the amino- 
IS terminus to a prok&ryotic secretion signal domain and 

operativeiy linked at the carteoxy-terminus to a 

filamentous phage membrane anchor domain, 

..30. The polypeptide of claim 29 wherein the 

polypeptide is an antibody variable chain polypeptide, 
20 31, The polypeptide of claim 30 wherein the 

variable chain is an antibody heavy chain polypeptide. 
32. A library of filamentous phage particles 

wherein each phage particle contains a mk expression 

vector according to claim 14 or claim 24. 
23 33. The library of claim 32 wherein said library 

contains at' least 10 7 different species of said IMA 

expression vector. 

34. A library of filamentous phage particles 
wherein each phage particle contains at least one 

30 ligand-blnding hater odimeric receptor according to 
c 1 a in 4 , 

35. An oligonucleotide useful as a primer for 
inducing mutagenesis in a complementarity determining 
region (COR) of an immunoglobulin gene, said 

35 oligonucleotide having 3 ! and 5 s termini and 
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comprising j 

a) a nucleotide sequence at said 3 f 
terminus capable of hybridising to a first fraiework 
region of an immunoglobulin gena; 

h) a nucleotide sequence at said S* 
terminus capable of hybridising to a second framework 
region of as immunoglobulin gene; and 

.0} e nucleotide sequence between said 3 » 
and 5' termini according to the formula: 

wherein H is independently any nucleotide- K is S, K 
or analogs thereof, and n is 3 to about 24, wherein S 
is G or C, K is 8 or T, said 3* and 5* terminal 
nucleotide sequences having a length of about 6 to 50 
nucleotides,, and sequences complementary thereto, 

36, The oligonucleotide of claim 3 5 wherein said 5 
3 * terminus has the nucleotide sequence S * ~ 
TG©SGCCAAC50Cf&CC&CO«3* (SEQ ID HO 122), and sequences 
complementary thereto. 

37, The oligonucleotide of claim 3 5 wherein said 
terminus has the nucleotide sequence 5 s - 

GTGTOTATTGTGCGAGA-3 * (SEQ ID NO 123} and sequences 
complementary thereto* 

3«. The oligonucleotide of claim 35 wherein said 
immunoglobulin is human, 

39, The oligonucleotide of claim 35 wherein said 
cbr is cms, 

40, The oligonucleotide of claim 35 according to 
the formula: 

JTG7ATT? X3 J* ^TGOGC CAAGGGACCACG~3 5 (SEQ 

ID 124 ) . 

41, Tee oligonucleotide of claim 40 wherein n is 
IS* and R is S (GEO ID NO 120}, 

r inducing mui s in a. 

complementarity determining region { CDR } of an 
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immunoglobulin gene «McS comprises amplifying a CDS 
portion of the iinmmogloJmlin gene by polymerase chaij 
reaction (PCS) using a PCK primer oligonucleotide, 
said oligonucleotide having 3' and 5* termini and 
5 comprising? 

a) a nucleotide sequence at said 3 s 
terminus capable of hybridizing to a first fra»e«orJc 
region of an immunoglobulin gene; 

h) a nucleotide sequence at said 5* 
1,0 terminus capable of hybridising to a second framework 

region of an immunoglobulin gene? and 

c.) a nucleotide sequence between said 3* 
and 5* termini according to the formula; 

IS wherein N is independently any nucleotide t £ is S, K 
or analogs thereof, and n is 3 to about 24, wherein S 
is G or C, K is G or T, said 3 ! end 5* terminal 
nucleotide sequences having a length of aoout S to SO 
nucleotides, and sequences complementary thereto, 
20 43 . The method of claim 42 wherein said 3 * 

terminus has the nucleotide sequence B'~ 

* (SEQ ID NO 122}, and sequences 
complementary thereto, 

44 , The method of claim 42 wherein said S ? 
25 terminus has the nucleotide sequence 5 s - 

QTQTATTATTGTGCGhSh^ * (SEQ ID K® 123) and sequences 
complementary thereto. 

45. She method of claim 42 wherein said 
xmmunog 1 obulxn is human. 

30 46 » The method of claim 42 wherein said CDR is 

CDK3 , 

47, The method of claim 43 according to the 
formula; 

3TC ' TTQTGC( WAl rGGGGCCWK CP 3 ! {SEQ 

3d ID NO 124} . 
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48. The method of <?Ia£» .47 wherein » is 16, ana 
E Is S (SEQ ID HO 120} - 

4§. A method of producing a library of DHA 
molecules f each SffA molecule comprising a cistron for 
S expressing a polypeptide ©ft the surface of a 

filamentous phage particle, which method comprises; 

(a) forming a ligation admixture by 
combining in a ligation buffer: 

(1) a repertoire of polypeptide genes 
10 in the form of dsDNA, each vector having cohesive 
termini adapted for directional ligation, and 

(xi) a plurality of DMA expression 
vectors in linear forra, each vector having upstream 
and downstream cohesive termini, (a) adapted for 
IS directionaily receiving said polypeptide genes in a 
common reading frame, and (b) operatively linked to 
respective upstreasa and downstream translatable DMA 
sequences, said upstream translatable. DMA sequence 
encoding a prokaryotic secretion signal, said 
28 downstream translatable SHA sequence encoding a 
filamentous phage membrane anchor, and said 
translatable m& sequences operatively linked to 
respective upstream and downstream DHA expression 
control sequences? and 
25 (b) subjecting said admixture to. ligation 

conditions for a time period sufficient to operatively 
link said polypeptide genes to said vectors, thereby 
forming said library. 

SO, A method of producing a library of 
30 dieistronie DMA molecules, each cioistronic DNA 

molecule comprising first and second cistrons for 
expressing first and second polypeptides of a 
heterodimeric receptor on the surface of a filamentous 
phage, which method comprises? 
35 (a) forming a first ligation admixture by 



coiafeining in a ligation buffer; 

(i) at repertoire of first polypeptide 
genes in the form of linear dsDN& f each having 
cohesive tenaini adapted tor directional ligation, and 

£ii) a plurality of DNA expression 
vectors in linear form, each vector having upstream 
and downstream first cohesive termini that are (a) 
adapted for directions liy receiving one of said first 
polypeptide genes in a common reading frame,, end (h) 
operatively linked to respective upstream and 
downstream translatable mk sequences, said upstream 
translatable DNA sequence encoding a prokaryotic 
secretion signal, said downstream translatable DWk 
sequence encoding a filamentous phage membrane anchor, 
and said translatable mth sequences operatively linked 
to respective upstream and downstream DKA expression 
control sequences? and 

(b) subjecting said admixture to ligation 
conditions for a time period sufficient to operatively 
link said first polypeptide genes to said vectors and 
produce a plurality of circular- DNS. molecules each 
haying said first cistron for expressing said first 
polypeptide; 

Co) producing a plurality of DKA 
expression vectors in linear form, each linear vector 
having second upstream and downstream cohesive termini 
(i) adapted for direetionally receiving one of a 
repertoire of second polypeptide genes in a common 
reading frame, and {11} operatively linked to 
respective upstream and downstream DFA sequences, said 
upstream SNA sequence being a translatable sequence 
encoding a prokaryotic secretion signal, said 
downstream DNA sequence having at least one stop codon 
in said reading frame, and said translatable DNA 
sequence operatively linked to a DNA expression 



~2Q?~ 

control sequence t by treating said plurality of 
circular DMA molecules to restriction emdormeleolytic 
conditions sufficient to cleave said circular BNk 
molecules and form said second cohesive termini; 

(d) forcing a second ligation admixture by 
combining in a ligation buffer; 

(1) said plurality of DKA expression 
vectors formed in step (c) ? and 

(ii) said repertoire of second 
polypeptide genes in the form of dsDN'A t each having 
cohesive termini adapted for directional ligation to 
said plurality of linear m& vectors; and 

(e) subjecting said second admixture to 
ligation conditions for a time period sufficient to 
operatively link said second polypeptide genes to said 
vectors and produce a plurality of citcml&r DMA 
molecules each having said second cistron for 
expressing said second polypeptide, thereby forming 
said library » 

51* The method of claim 50 wherein said 
haterodim&ric receptor is an epitope-binding complex. 

52. A library of dials tronic WA molecules each 
comprising first and second eistrons of expressing 

f irst and second polypeptides of a .hetarodimeric 
receptor on the surface of a filamentous phage, said 
library produced according to the method of claim 50. 

53. h method for changing the diversity of a 
library of filamentous phage particles comprising the 
steps of: 

a) providing a library of filamentous 
phage particles according to claim 32; 

b} contacting the provided library with a 
preselected ligand under conditions sufficient for 
members of the library to bind to the ligand and form 
a liga.nd~ph.age particle complex? and 
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c) isolating phage particles in said 
complex away from non-bound library members to form a 
iiglnd-enriched library comprising phage particles 
having binding specificity for said preselected 
S Xigand. 

54 . 535a method of claim S3 therein said 
preselected ligand is affixed to a solid support,, said 
complex is in the solid phase and said isolating 
comprises the steps of: 
20 1} washing the solid support to rinse 

non-bound library members from the solid support; and 

1.1 ) elutlog solid-phase hound phage 
particles to form said isolated phage particles. 

S3 . The method of claim 54 wherein said eiuting 
IS comprises contacting said solid-phase bound phage 

particles with an elution buffer having a pH of from 
pH 2 to pH S. 

56 « The method of claim S4 wherein said eluiiom 
comprises contacting said solid-phase bound phage 
2Q particles mth an elation buffer containing said 
preselected ligand, 

57. The method of claim 54 wherein said 
filamentous phage membrane anchor is the cpVXXI 
membrane anchor. 
25 58. The method of claim 54 wherein said 

filamentous phage membrane anchor is the epXXJ 
membrane anchor. 

59. A method for increasing the diversity of a 
library of filamentous phage particles comprising the 
30 steps of: 

a) providing a library of filamentous 
phage particles according to claim 22; 

b) mutating the immunoglobulin variable 
domain-coding nucleotide sequence present in each DNA 

35. expression vector in the library to form a library of 



phage particles each containing a mutated 
immunoglobulin Variable domain nucleotide sag^ence. 

SO. A method for maturing the affinity of an 
epit©pe~binding complex encoded by a filamentous phage 
S according to claim 2 comprising the steps of; 

a) providing the genome of said * 
filamentous phage; 

fa) mutating the immunoglobulin variable 
domain-coding nucleotide sequence present in the 
10 provided genome to form a library of phage particles 

containing a mutated immunogiobin variable domain 
nucleotide sequence ; 

c) contacting the library formed in step 
(b) with a preselected ligand under conditions 

15 sufficient for members of the library to hind to the 
ligand and form a ligand-phaga part:,-% ©mi lex"; and 

d) isolating phage particles in said 
complex away from non-bound library members to form a 
ligand-enriched library comprising phage particles 

20 having binding specificity for said preselected 
ligand, 

61. The method of claim SO wherein said mutating 
comprises subjecting said immunoglobulin variable 
dcmain-coding nucleotide sequence to an error-prone 

25 polymerase chain reaction. 

62. ' The method of claim SO wherein said mutating 
comprises subjecting said immunoglobulin variable 
domain-coding nucleotide sequence to the method of 
claim 35 for mutating a CDS of the immunoglobulin 

30 variable domain-coding nucleotide sequence. 

S3 . The method of claim SO wherein said 
immunoglobulin variable domain is V H . 

64 , A method for detecting the presence of a 
preselected ligand in a sample comprising the steps 
35 of: 
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a) admixing ft sample suspected to contain 
a pres^cted antigen with a ligand-binding 
heterodimeric receptor according to claim 4 that binds 
to said preselected ligr&nd under binding conditions 
s sufficient for said ligand-binding heterodir>aric 

receptor to bind said ligand and form a iigand- 
receptor coram ie:<? end 

to) detecting the presence of said ligand- 
rsesptor complex or said ligand-Mnding heterodieeric 
10 receptor, 

65. The method of claim 64 wherein said ligand- 
binding haterodimsric receptor is on the surface of a 
filamentous phage particle. 

66. The method of claim 65 wherein said ligand- 
XS binding heterodim@ric receptor is fused to a 

filamentous phage membrane anchor selected frost the 
group consisting of cpXXX and cgVXXI. 

67. The method of claim 65 
detecting comprises detecting the presence of said 

20 filamentous phage particle, and thereby the presence: 
of said product- 
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SHXNE-DALGaKNO MET 

GGCCGGAAATTCTATTTdl^GGAGACAGTeAT£\TS 
CSTTTAAGA!flL^GTTCCTCTGTCAGmTTAC 



TTTATGGATJ^CGG&TGCCCTCGGCGA 



LEADER SEQ01HCE 

^GCCCAACCe 



mTmTGmcGACGGGTTmte 

LINKER LINKER 



HCOI 



v„ backboheIxhox spex 



GGTACCGGGTCCACTTTGACGAGCTCTAAAGATCTGATCA 

STOP 
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